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ADVERTISEMENT 


TO    THE 


AMERICAN    EDITION. 

In  the  present  unsettled  state  of  chemistry,  when  new  discove- 
ries are  dclapidating  the  fair  fabric  which  Lavoisier  and  his  col- 
leagues had  erected  on  the  ruins  of  the  Phlogistic  School ;  an  apolo- 
gy is  scarcely  necessary  for  those  deviations  that  may  appear  in  the 
notes  of  the  American  Editor,  (to  this  edition  of  Dr.  Henry's  Ele- 
ments,) from  those  doctrines  to  which  we  have  been  long  accustom- 
ed to  bow  with  respectful  homage.  The  want  of  a  proper  text  book, 
to  aid  In  the  lectures  delivered  in  the  University  of  Pennsylvania,  has 
long  been  felt;  and  nothing  but  that  unsettled  state,  adverted  to 
above,  has  prevented  such  a  work  from  making  its  appearance.  Dr. 
Henry's  Elements  has  hitherto  supplied  its  place  ;  and  from  the 
intrinsic  merits  of  the  work,  it  has,  it  is  believed,  (especially  as  im- 
proved by  the  notes  of  Professor  Silliman,)  been  generally  adopted 
in  the  different  Colleges  and  Universities  of  the  United  States.  It 
would  have  been  highly  gratifying  to  the  Editor  of  the  present  edi- 
tion, could  he  have  had  the  advantage  of  those  notes  ;  but  as  this 
could  not  be  expected,  and  as  the  seventh  edition  of  the  English 
copy,  from  which  this  is  printed,  embraces  all,  or  most  of  the  new 
discoveries,  to  the  end  of  1815,  it  was  judged  proper  merely  to  add 
a  few  notes,  which  might,  in  some  degree,  approximate  it  to  the  pur- 
pose intended. 

That  great  changes  must  ensue  from  the  recent  discoveries  in  the 
theoretical  part  of  the  science,  can  scarcely  be  doubted.  The  idea  of 
oxygen  as  an  exclusive  acidifying  principle,  is  not  now  entertained  by 
the  French  themselves;  and  if  the  Syuvans  of  that  school  admit  the 
inadequacy  of  the  Lavoisierian  doctrines  in  this  and  other  respects,  we 
cannot  feel  ourselves  obliged  to  support  what  they  have  thus  aban- 
doned. Whether  the  old  phlogistic  doctrines,  modified,  and  embo- 
died on  what  appears  true  in  those  of  its  antagonist,  will  again  re- 
sume a  place  in  the  schools  of  chemistry,  remains  to  be  ascertained 
by  the  progress  of  research.  Il  is  the  opinion  of  the  Editor,  so  far  as 
he  is  enabled  to  form  one,  that,  sooner  or  later,  this  must  be  the  case  : 
nor  can  he  perceive  any  difficulty  which  such  a  conjunction  can  pos- 
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sibly  increase  ;  on  the  contrary,  he  believes  that  a  doctrine  more 
reasonable  and  satisfactory  than  either,  alone,  must  result  therefrom. 
Indeed,  so  long  as  we  actually  remain  ignorant  oi  what  is,  and  what 
is  not  a  si.,  pie  body,  so  long  will  it  be  impossible  to  erect  a  theory 
which  shall  be  permanent.  Each  day  successively  demonstrating 
our  errors  on  this  fundamental  point,  will  necessarily  render  it  expe- 
dient to  alter  the  superstructure.  Our  theories  are  more  properly 
to  be  regarded  as  hypotheses  ;  and  are  useful,  merely  from  enabling 
ustoclassitv  the  numerous  facts  which  are  established  ;  but  which, 
without  such  a  classification,  must  become  a  burden  to  the  most  re- 
tentive memory.  Had  Lavoisier  lived,  he  must  have  submitted  to 
the  progress  of  science,  and  have  acknowledged,  that  however  beau- 
tiful might  be  the  hypothesis  he  constructed  thirty  years  ago,  yet 
that,  like  the  fashion  of  the  day,  it  could  no  longer  be  regarded  as 
binding  upon  his  successors. 

Dr.  Murray  has  well  observed,  that  "  the  simplicity  of  the  sub- 
stances assumed  as  the  basis  of  arrangement,  can  never  be  demon- 
strated. They  are  regarded  as  simple,  only  because  we  are  unable 
to  decompose  them  ;  but  this  may  arise,  not  from  their  real  simplici- 
ty, but  from  the  imperfection  of  our  knowledge,  and  of  our  instru- 
ments of  analysis.  As  the  science  advances,  their  composition  is  ac- 
cordingly in  general  discovered  ;  and  whenever  this  happens,  the 
basis  of  the  classification  is  subverted,  and  a  new  class  of  substances, 
supposed  to  be  simple,  is  again  formed  ;  of  the  simplicity  of  which, 
however,  there  is  no  better  proof  than  of  the  former  :  the  progress 
of  discovery,  probably,  will  prove  them  to  be  compounds,  and  the 
whole  system  must  be  again  changed.  This  must  continue  until  the 
ultimate  principles  of  bodies  are  discovered — a  period  from  which 
chemistry  is  undoubtedly  far  distant."  And  these  observations, 
which  are  intended  by  him  to  show  the  difficulty  of  a  proper  classifi- 
cation, are  equally  cogent,  when  applied  to  the  theories  which  have 
been  attempted  to  be  established.  In  short,  the  more  the  subject  is 
contemplated,  so  much  more  hopeless  appears  the  practicability  of 
supporting,  for  a  length  of  time,  any  hypothesis  whatsoever,  in  che- 
mical science  ;  since  it  must  inevitably  yield  to  each  addition,  which 
time  and  investigation  shall  bring  with  them. 

Philadelphia,  September  \2th,  1817, 


ADVERTISEMENT 

TO    THE 

SEVENTH    ENGLISH    EDITION. 

The  publication  of  this  edition  of  the  Elements  of  Chemis- 
try has  been  delayed,  by  circumstances  in  which  the  reader  can 
take  no  interest,  long  after  the  period  when  a  new  impression  had 
been  called  for  by  the  public.  During  the  interval  which  has 
elapsed  since  the  foregoing  edition,  the  progress  of  Chemistry  has 
been  marked,  not  only  by  the  discovery  of  a  great  number  of  new 
facts,  but  by  important  changes  in  the  general  principles  of  the 
science.  It  has  been  necessary,  therefore,  to  revise  the  whole 
work  with  the  greatest  care  ;  to  make  large  additions  to  most  of 
the  sections;  and  to  introduce  several  entirely  new  ones.  These 
alterations  I  have  been  enabled  to  effect,  without  materially  in- 
creasing the  bulk  of  the  volumes,  by  the  enlargement  of  the  page, 
and  by  the  rejection  of  every  thing,  which  recent  experience  has 
corrected  or  rendered  doubtful. 

Though  no  pains  have  been  spared  to  render  the  work  a  faithful 
abstract  of  the  present  state  of  Chemistry,  yet  it  is  probable  that 
errors  and  omissions  will,  after  all,  be  discovered  in  it.  In  correct- 
ing these,  I  hope  to  be  assisted  by  a  continuance  of  those  candid 
criticisms,  both  through  public  and  private  channels  of  communica- 
tion, to  which  I  have  already  been  much  indebted. 

Manchester,  October,  1815. 
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It  has  so  long  been  a  custom  to  preface  a  course  of  lectures  with 
the  history  of  the  science  which  is  their  subject,  that  it  may  be  ne- 
cessary to  state,  briefly,  the  reasons  that  have  induced  me  to  depart 
from  this  established  usage. 

The  history  of  chemistry  may  either  be  merely  a  history  of  the 
science,  that  is,  a  view  of  the  progressive  development  of  the  facts 
and  doctrines  of  which  the  science  is  composed  ;  or  it  may  com- 
prehend, also,  the  biography  of  chemists.  The  detail  of  the  pro- 
gress of  discovery,  however,  concerning  particular  objects  of  che- 
mical research,  would  certainly  be  premature,  at  a  period,  when 
the  student  may  be  supposed  to  be  ignorant  of  the  external  forms, 
and  even  of  the  existence,  of  no  inconsiderable  part  of  them.  Re- 
specting chemists  themselves,  little  can  be  said  that  can  contribute 
to  information  or  amusement ;  for  their  lives,  devoted  to  the  ab- 
stract pursuits  of  science,  have  seldom  been  productive  of  events, 
that  are  suited  to  awaken  or  gratify  general  curiosity.  Our  inte- 
rest, indeed,  respecting  philosophers,  is  seldom  excited,  unless  by  a 
knowledge  of  the  additions  which  they  have  made  to  the  facts  or 
theories  of  a  science  ;  and  with  these  a  lecturer  may  fairly  pre- 
sume, however  the  fact  may  really  be,  that  his  hearers,  at  the  com- 
mencement of  a  course,  are  wholly  unacquainted.  On  these 
grounds,  therefore,  I  hope  to  be  excused  for  devoting  to  other 
purposes  the  time,  that  would  have  been  allotted  to  the  history  of 
the  science.  For  this  will  be  substituted  a  brief  view  of  the  na- 
ture and  objects  of  chemistry  ;  of  its  connexion  with  the  arts  and 
with  other  sciences  ;  and  an  outline  of  the  plan  on  which  the  fol- 
lowing lectures  will  be  conducted. 

*  The  following'  discourse  formed,  originally,  the  introduction  to  a  series  of 
lectures  delivered  in  Manchester,  and  was  afterwards  published  under  the  title 
of"  A  General  View  of  the  Nature  and  Objects  of  Chemistry,  and  of  its  Appli- 
cation to  Arts  and  Manufactures."  As  the  readers  of  an  elementary  book  7nay 
be  presumed  to  require  a  similar  plan  of  instruction,  with  the  hearers  of  a  popu- 
lar course  of  lectures,  I  have  thought  it  unnecessary  to.  alter  the  form  under 
which  the  essay  first  appeared,  though  a  few  passages  are  applicable  chiefly  to 
the  persons  to  whom  it  was  originally  addressed. 
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Natural  philosophy,  in  its  most  extensive  sense,  is  a  term  com- 
prehending every  science,  that  has  for  its  objects  the  properties  and 
affections  of  matter.     But  it  has  attained,  by  the  sanction  of  com- 
mon language,  a  more  limited  signification  ;  and  chemistry,  though 
strictly  a  branch  of  natural  philosophy,  is  generally  regarded  as  a 
distinct  science.     Between  the  two  it  may,  perhaps,  be  difficult  to 
mark  out  precisely  the  line  of  separation  :  but,  an  obvious  charac- 
ter of  the  facts  of  natural  philosophy  is,  that  they  are  always   at- 
tended with  sensible  motion  ;  and  the  determination  of  the  laws  of 
motion  is  peculiarly  the  oifice  of  its  cultivators.  Chemical  changes, 
on  the  other  hand,  of  the  most  important  kind,  often  take  place 
without  any  apparent  motion,  either  of  the  mass,  or  of  its  minute 
parts  ;  and  where  the  eye  is  unable  to  perceive  that  any  change  has 
occurred.     The  laws  of  gravitation,  of  central  forces,  and  all  the 
other  powers  that  fall  under  the  cognizance  of  the  natural  philoso- 
pher, produce,  at  most,  only  a  change  of  place  in  the  bodies  that 
obey  their  influence.     But,  in   chemical  changes,  we  may  always 
observe  an  important  difference  in  the  properties  of  things  ;  their 
appearances  and  qualities  are   completely  altered,  and  their  indi- 
viduality destroyed.     Thus,  two   highly   corrosive    substances,  by 
uniting  chemically  together,  may  become  mild  and  harmless;  the 
combination  of  two  colourless  substances  may  present  us  with  a 
compound  of  brilliant  complexion ;  and  the  union  of  two  fluids. 
with  a  compact  and  solid  mass. 

Chemistry,  therefore,  may  be  defined,  that  science,  the  object  of 
which  is  to  discover  and  explain  the  changes  of  composition  that 
occur  among  the  integrant  and  constituent  parts  of  different  bo- 
dies.* 

From  this  definition,  it  may  readily  be  conceived,  how  wide  is 
the  range  of  chemical  inquiry ;  and,  by  applying  it  to  the  various 
events  that  daily  occur  in  the  order  of  nature,  we  shall  be  enabled 
to  separate  them  with  accuracy,  and  to  allot,  to  the  sciences  of  na- 
tural philosophy  and  chemistry,  the  proper  objects  of  the  cultiva- 
tion of  each.  Whenever  a  change  of  place  is  a  necessary  part  of 
any  event,  we  shall  call  in  the  aid  of  the  former.  When  this  con- 
dition may  be  dispensed  with,  we  shall  resort  to  chemistry  for  the 
light  of  its  principles.  But  it  will  be  often  found,  that  the  concur- 
rence of  the  two  sciences  is  essential  to  the  full  explanation  of 
phenomena.     The  water  of  the  ocean,  for  example,  is  raised  into 

*  The  reader,  who  wishes  to  examine  other  definitions  of  chemistry,  will 
find  a  variety  of  them,  collected  by  Dr.  Black,  in  the  first  volume  of  his 
"  Lectures. 
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the  atmosphere  by  its  chemical  comi  iiation  with  the  matter  of 
heal;  but  the  clouds,  that  are  thus  formed,  maintain  their  elevated 
situation  by  virtue  of  a  specific  gravity  inferior  to  that  of  the  lower 
regions  of  the  air, — a  law,  the  discovery  and  application  of  which 
are  due  to  the  natural  philosopher,  siricily  so  called. 

It  has  not  been  unusual  to  consider  chemistry,  under  the  twofold 
view  of  a  science  and  of  an  art.  This  arrangement,  however,  ap- 
pears to  have  had  its  origin  in  an  imperlect  discrimination  between 
two  objects,  that  are  essentially  distinct.  Science  consists  of  as- 
semblages of  facts,  associated  together  in  classes,  according  to  cir- 
cumstances of  resemblance  or  analogy.  The  business  of  its  cul- 
tivators is,  first,  to  investigate  and  establish  individual  truths, 
cither  by  the  careful  observation  of  natural  appearances,  or  of  new 
and  artificial  combinations  of  phenomena  produced  by  the  instru- 
ments of  experiment.  The  next  step  is  the  induction,  from  well 
ascertained  tacts,  of  general  principles  or  laws,  more  or  less  com- 
prehensive in  their  extent,  and  serving,  like  the  classes  and  orders 
of  natural  history,  the  purposes  of  an  artificial  arrangement.  Of 
such  a  body  of  facts  and  doctrines,  the  science "  of  chemistry  is 
composed.  But  the  employment  of  the  artist  consists  merely  in 
producing  a  given  effect,  for  the  most  part  by  the  sole  guidance 
of  practice  or  experience.  In  the  repetition  of  processes,  he  has 
only  to  follow  an  established  rule ;  and,  in  the  improvement  of  his 
art,  he  is  benefited  generally  by  fortuitous  combinations,  to  which 
he  has  not  been  directed  by  any  general  axiom.  An  artist,  indeed, 
of  enlarged  and  enlightened  mind,  may  avail  himself  of  general 
principles,  and  may  employ  them  as  an  useful  instrument  in  per- 
fecting established  operations  :  but  the  art  and  the  science  are  still 
marked  by  a  distinct  boundary.  In  such  hands,  they  are  auxilia- 
ries to  each  other;  the  one  contributing  a  valuable  accession  of 
facts ;  and  the  other,  in  return,  imparting  fixed  and  comprehen- 
sive principles,  which  simplify  the  processes  of  art,  and  direct  to 
new  and  important  practices. 

The  possession  of  the  general  principles  of  chemistry  enables 
us  to  comprehend  the  mutual  relation  of  a  great  variety  of  events, 
that  form  a  part  of  the  established  course  of  nature.  It  unfolds 
the  most  sublime  views  of  the  beauty  and  harmony  of  the  universe  ; 
and  develops  a  plan  of  vast  extent,  and  of  uninterrupted  order, 
which  could  have  been  conceived  only  by  perfect  wisdom,  and  ex- 
ecuted by  unbounded  power.  By  withdrawing  the  mind,  also,  from, 
pursuits  and  amusements  that  excite  the  imagination,  its  investi- 
gations may  tend,  in  common  with  the   rest  of  the  physical  Syi- 

6 


ences 


INTRODUCTION. 


__,  to  the  improvement  of  our  intellectual  and  moral  habits ; 
to  strengthen  the  faculty  of  patient  and  accurate  thinking;  and  to 
substitute  placid  trains  of  feeling,  for  those  which  are  too  apt  to  be 
awakened  by  the  contending  interests  of  men  in  society,  or  the  im- 
perfect government  of  our  own  passions. 

The  class  of  natural  events,  that  call  for  the  explanation  of  che- 
mical science,  is  of  very  considerable  extent ;  and  the  natural 
philosopher  (using  this  term  in  its  common  acceptation)  is  wholly 
incompetent  to  unfold  their  connexion.  He  may  explain,  for  ex- 
ample, on  the  principles  of  his  own  science,  the  annual  and  diur- 
nal revolutions  of  the  Earth,  and  part  of  the  train  of  consequences 
depending  on  these  rotations.  But  here  he  must  stop ;  and  the 
chemist  must  trace  the  effects,  on  the  Earth's  surface,  of  the  calo- 
ric and  light  derived  from  the  sun  ;  the  absorption  of  caloric  by  the 
various  bodies  on  which  it  falls;  the  consequent  fluidity  of  some, 
and  volatilization  of  others ;  the  production  of  clouds,  and  their 
condensation  in  the  form  of  rain  ;  and  the  effects  of  this  rain,  as 
well  as  of  the  sun's  heat,  on  the  animal,  vegetable,  and  mineral 
kingdoms.  In  these  minuter  changes,  we  shall  find,  there  is  not 
less  excellence  of  contrivance,  than  in  the  stupendous  movements 
of  the  planetary  system.  And  they  interest  us  even  more  nearly  ; 
because,  though  not  more  connected  with  our  existence  or  com- 
fort, yet  they  are  more  within  our  sphere  of  observation  ;  and  an 
acquaintance  with  their  laws  admits  of  a  more  direct  application  to 
human  affairs. 

There  is  another  branch  of  knowledge  (that  of  natural  history), 
which  is  materially  advanced  by  the  application  of  chemical  sci- 
ence. The  classifications  of  the  naturalist  are  derived  from  an 
examination  and  comparison  of  the  external  forms,  both  of  ani- 
mate and  inanimate  bodies.  He  distributes  the  whole  range  oi 
nature  into  three  great  and  comprehensive  kingdoms, — the  ani- 
mal, the  vegetable,  and  the  mineral.  Each  of  these,  again,  is  sub- 
divided into  several  less  extensive  classes  ;  and  individual  objects 
are  referred  to  their  place  in  the  system,  by  the  agreement  of  their 
characters,  with  those  assigned  to  the  class,  order,  and  genus.  In 
the  different  departments  of  natural  history,  these  resemblances 
vary  in  distinctness,  in  facility  of  observation,  and  in  certainty  of 
description.  Thus,  the  number  and  disposition  of  the  parts  of 
fructification  in  vegetables  afford  marks  of  discrimination,  which 
are  well  defined,  and  easily  ascertained.  But  minerals,  that  are  not 
possessed  of  a  regularly  crystallized  form,  are  distinguished  by 
outward  qualities  that  scarcely  admit  of  being  accurately  convey* 
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cd  by  language  ;  such  as  minute  shades  of  colour  ;  or  trifling  dif- 
ferences of  hardness,  transparency,  Sec.  To  the  evidence  of  these 
loose  and  varying  characters,  that  of  the  chemical  composition  of 
minerals  has  within  the  few  past  years  been  added  ;  and  mine- 
ralogy has  been  advanced,  from  a  confused  assemblage  of  its  ob- 
jects, to  the  dignity  of  a  well  methodized  and  scientific  system. 
In  the  example  of  crystallized  bodies,  the  correspondence  between 
external  form  and  chemical  composition,  has  been  most  successful- 
ly traced  by  the  genius  of  Haiiy ;  whose  method  of  investigation 
has  enabled  him,  in  numerous  instances,  to  anticipate,  from  phy- 
sical characters,  the  results  of  the  most  skilful  and  laborious 
analysis. 

It  is  unnecessary  to  pursue  this  part  of  the  subject  to  a  greater 
extent ;  because,  to  all  who  have  been  in  the  habit  of  philosophical 
investigation,  the  connexion  between  the'  sciences  must  be  suffi- 
ciently apparent ;  and  because  there  is  another  ground,  on  which 
chemistry  is  more  likely  to  claim,  with  success,  the  respect  and 
attention  of  the  great  mass  of  mankind.  This  is,  its  capacity  of 
ministering  to  our  wants  and  our  luxuries,  and  of  instructing  us  to 
convert  to  the  ordinary  purposes  of  life,  many  substances  which 
nature  presents  in  a  rude  and  useless  form.  The  extraction  of 
metals  from  their  ores;  the  conversion  of  the  rudest  materials  into 
the  beautiful  fabrics  of  glass  and  porcelain  ;  the  production  of  wine, 
ardent  spirits,  and  vinegar ;  and  the  dyeing  of  linen  and  woollen 
manufactures, — are  only  a  few  of  the  arts  that  are  dependent  on 
chemistry  for  their  improvement,  and  even  for  their  successful 
practice. 

It  cannot,  however,  be  denied,  that  all  the  arts  which  have  been 
mentioned  were  practised  in  times  when  the  rank  of  chemistry,  as 
a  science,  was  extremely  degraded  ;  and  that  they  are  the  daily 
employment  of  unlettered  and  ignorant  men.  But  to  what  does 
this  confession  amount  ?  and  how  far  does  it  prove  the  indepen- 
dence of  the  above  arts  on  the  science  of  chemistry  ? 

The  skill  of  an  artist  is  compounded  of  knowledge  and  of  manual 
dexterity.  The  latter,  it  is  obvious,  no  science  can  teach.  But  the 
acquirement  of  experience,  in  other  words,  a  talent  for  accurate 
observation  of  facts,  and  the  habit  of  arranging  facts  in  the  best 
manner,  may  be  greatly  facilitated  by  the  possession  of  scientific 
principles.  Indeed,  it  is  hardly  possible  for  any  one  to  frame  rules 
for  the  practice  of  a  chemical  art,  or  to  profit  by  the  rules  of 
others,  who  is  unacquainted  with  the  general  doctrines  of  the 
science.    For,  in  all  rules,  it  is  implied,  that  the  promised  effect 
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will  only  take  place,  when  circumstances  are  precisely  the  same, 
as  in  the  case  under  which  the   rule  was  formed.     To  ensure  an 
unerring  uniformity  of  result,  the  substances,  employed  in  chemi- 
cal  processes,  must  be  of  uniform  composition  and  excellence  ;  or, 
when  it  is  not  possible  to  obtain  them  thus   unvaried,  the  artist 
should  be  able  to  judge  precisely  of  the  defect,  that  he  may  pro- 
portion his  agents  according   to  their  qualities.     Were  chemical 
knowledge   more   generally    possessed,  we   should    hear   less  of 
failures  and  disappointments  in  chemical  operations;  and  the  artist 
would  commence  his  proceedings,  not,  as  at  present,  with  distrust 
and  uncertainty,  but  with  a  well  grounded  expectation  of  success. 
It    will  scarcely   be  contended,  that   any   one   of  the  arts   has 
hitherto  attained  the  extent  of  its  possible  perfection.    In  all,  there 
is  yet  a  wide  scope   for   improvement,  and  an  extensive  range  for 
ingenuity  and  invention.     But  from  what   class  of  men  are  we  to 
expect  useful  discoveries  ?     Are  we  to  trust,  as  hitherto,  to   the 
favour  of  chance  and  accident;  to  the  fortuitous   success  of  those 
who  are  not  guided   in  their   experiments,   by   any   general  prin- 
ciples ?     Or  shall  we  not  rather  endeavour   to   inform  the  artist, 
and  induce   him  to  substitute,   for  vague  and   random  conjecture, 
the  torch  of  induction  and  of  rational  analogy  ?     In  the  present  im- 
perfect state  of  his  knowledge,  the    artist  is  even  unable   fully  to 
avail  himself  of  those  fortunate  accidents,  by  which  improvements 
sometimes  occur  in  his  processes  ;  because,  to  the  eye  of  common 
observation,  he  may  have  acted  agreeably  to  established  rules,  and 
have  varied   in   circumstances  which  he   can  neither  perceive  nor 
appreciate.     Tne    man  of  science,   in   these  instances,  sees  more 
dttply,and,  by  availing   himself  of  a   minute  and  accidental  dif- 
ference, contributes  at  once  to  the  promotion  of  his  own  interest, 
and  to  the  advancement  of  his  art. 

But  it  is  the  union  of  theory  with  practice  that  is  now  recom- 
mended. And  "when  theoretical  knowledge  and  practical  skill 
are  happily  combined  in  the  same  person,  the  intellectual  power 
of  man  appears  in  its  full  perfection,  and  fits  him  equally  to  con- 
duct, with  *  masterly  hand,  the  details  of  ordinary  business,  and  to 
contend  successfully  with  the  untried  difficulties  of  new  and  per* 
plexing  situations.  In  conducting  the  former,  mere  experience 
may  frequently  be  a  sufficient  guide  ;  but  experience  and  specula- 
tion must  be  combined  to   prepare  us  for  the  latter."*    "  Expert 
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men,"  says  Lord  Bacon,  "  can  execute  and  judge  of  particulars  one 
by  one  ;  but  the  general  counsels,  and  the  plots,  and  the  marshall- 
ing of  affairs,  come  best  from  those  that  are  learned." 

This  recommendation  to  artists,  of  the  acquirement  of  scientific 
knowledge,  is  happily  sanctioned  by  the  illustrious  success,  in  our 
own  days,  of  the  application  of  theory  to  the  practice  of  certain 
arts.  Few  persons  arc  ignorant  of  the  benefits,  that  have  resulted 
to  the  manufactures  of  this  country,  from  the  inventions  of  Mr, 
Watt  and  Mr.  Wedgwood  ;  both  of  whom  have  been  not  less  bene- 
factors of  philosophy  than  eminent  for  practical  skill.  The  former, 
by  a  clear  insight  into  the  doctrine  of  latent  heat,  resulting,  in  a 
great  measure,  from  his  own  acuteness  and  patience  of  investiga- 
tion, and  seconded  by  an  unusual  share  of  mechanical  skill,  has  per- 
haps brought  the  steam-engine  to  its  acme  of  perfection.  Mr. 
Wedgwood,  aided  by  the  possession  of  extensive  chemical  know- 
ledge, made  rapid  advances  in  the  improvement  of  the  art  of  manu- 
facturing porcelain  ;  and,  besides  raising  himr,elf  to  great  opulence 
and  distinction,  has  created  for  his  country  a  source  of  most  pro- 
fitable and  extensive  industry.  In  an  art,  also,  which  is  nearly  con- 
nected with  the  manufactures  of  our  own  town,  and  the  improve- 
ment of  which  must,  therefore,  "  come  home  to  our  business  and 
bosoms,"  we  owe  unspeakable  obligations  to  two  speculative  che- 
mists,— to  Scheele,  who  first  discovered  the  oxygenized  muriatic 
acid;  and  to  Berthollet,  who  first  instructed  us  in  its  application  to 
the  art  of  bleaching. 

Examples,  however,  may  be  urged  against  indulgence  in  theory  ; 
and  instances  are  not  wanting,  in  which  the  love  of  speculative 
refinement  has  withdrawn  men  entirely  from  the  straight  path  of 
useful  industry,  and  led  them  on  gradually  to  the  ruin  of  their  for- 
tunes. But  from  such  instances,  it  would  be  unfair  to  deduce  a 
general  condemnation  of  theoretical  knowledge.  It  would  be  the 
common  error  of  arguing  against  things  that  are  useful,  from  their 
occasional  abuse. — In  truth,  projects  which  have,  for  their  founda- 
tion, a  dependence  on  chemical  principles,  may  be  undertaken  with 
a  more  rational  confidence,  than  such  as  have  in  view  the  accom- 
plishment of  mechanical  purposes  ;  because,  in  chemistry,  we  are 
better  able,  than  in  mechanics,  to  predict,  from  an  experiment  on  a 
small  scale,  the  probable  issue  of  more  extensive  attempts.  No 
one,  from  the  successful  trial  of  a  small  machine,  can  affirm,  with 
unerring  certainty,  that  the  same  success  will  attend  one  on  a 
greatly  enlarged  plan  ;  because  the  amount  of  the  resistances,  that 
are  opposed  to  motion,  increases  often  in  a  ratio  greater  than,  from 
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theory,  could  ever  have  been  foreseen  :  but  the  same  law,  by  which 
the  mineral  alkali  is  extracted  from  a  pound  of  common  salt,  must 
equally  operate  on  a  thousand  times  the  quantity  ;  and,  even  when 
we  augment  our  proportion  in  this  immense  degree,  the  chemical 
affinities,  by  which  so  large  a  mass  is  decomposed,  are  exerted  only 
between  very  small  particles.  The  failures  of  the  mechanic,  there- 
fore, arise  from  the  nature  of  things  ;  they  occur,  because  he  has 
not  in  his  power  the  means  of  foreseeing  and  calculating  the  causes 
that  produce  them.  But,  if  the  chemist  fail  in  perfecting  an  econo- 
mical scheme  on  a  large  scale,  it  is  either  because  he  has  not  suffi- 
ciently ascertained  his  facts  on  a  small  one,  or  has  rashly  embarked 
in  extensive  speculations,  without  having  previously  ensured  the 
accuracy  of  his  estimates. 

The  benefits  which  we  are  entitled  to  expect  from  the  efforts  of 
the  artist  and  the  man  of  science,  united  in  one  person,  and  at  the 
same  time  tempered  and  directed  by  prudential  wisdom,  affect  not 
only  individual  but  national  prosperity.  To  the  support  of  its  dis- 
tinction, as  a  commercial  nation,  this  country  is  to  look  for  the  per- 
manency of  its  riches,  its  power,  and,  perhaps,  even  of  its  liberties  ; 
and  this  preeminence  is  to  be  maintained,  not  only  by  local  advan- 
tages, but  on  the  more  certain  ground  of  superiority  in  the  produc- 
tions of  its  arts.  Impressed  with  a  full  conviction  of  this  infl  uence 
of  the  sciences,  a  neighbouring  and  rival  people  offer  the  most 
public  and  respectful  incitements  to  the  application  of  theory  in 
the  improvement  of  the  chemical  arts  ;  and,  with  the  view  of  pro- 
moting this  object,  national  institutions  have  been  formed  among 
them,  which  have  been  already,  in  several  instances,  attended  with 
the  most  encouraging  success.  It  may  be  sufficient,  at  present,  to 
mention,  as  an  example,  that  France,  during  a  long  war,  supplied, 
from  her  own  native  resources,  her  enormous,  and,  perhaps, 
unequalled  consumption  of  nitre. 

The  general  uses  of  chemistry  have  been  thus  fully  enlarged 
upon,  because  it  is  a  conviction  of  the  utility  of  the  science,  that 
can  alone  recommend  it  to  attentive  and  persevering  study.  It  may 
now  be  proper  to  point  out,  in  detail,  a  few  of  its  more  striking 
applications. 

I.  The  art  which  is,  of  all  others,  the  most  interesting,  from  its 
subserviency  to  wants  that  are  interwoven  with  our  nature,  is 
agriculture,  or  the  art  of  obtaining,  from  the  earth,  the  largest 
crops  of  useful  vegetables  at  the  smallest  expense. 

The  vegetable  kingdom  agrees  with  the  animal  one,  in  the  pos- 
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session  of  a  living  principle.  Every  individual  of  this  kingdom  is. 
regularly  organized,  and  requires  for  its  support  an  unceasing  sup- 
ply of  food, which  is  converted,  as  in  the  animal  body,  into  substan- 
ces of  various  forms  and  qualities.  Each  plant  has  its  periods  of 
growth,  health,  disease,  decay,  and  death ;  and  is  affected,  in  most 
of  these  particulars,  by  the  varying  condition  of  external  circumstan- 
ces. A  perfect  state  of  agricultural  knowledge  would  require, 
therefore,  not  only  a  minute  acquaintance  with  the  structure  and 
economy  of  vegetables,  but  with  the  nature  and  effects  of  the  great 
variety  of  external  agents,  that  contribute  to  their  nutriment,  or  influ- 
ence their  state  of  health  and  vigour.  It  can  hardly  be  expected, 
that  the  former  attainment  will  ever  be  generally  made  by  practical 
farmers  ;  and  it  is  in  bringing  the  agriculturist  acquainted  with  the 
precise  composition  of  soils  and  manures,  that  chemistry  promises 
the  most  solid  advantages.  Indeed,  any  knowledge  that  can  be  ac- 
quired on  this  subject,  without  the  aid  of  chemistry,  must  be  vague 
and  indistinct,  and  can  neither  enable  its  possessor  to  produce  an 
intended  effect  with  certainty,  nor  be  communicated  to  others  in 
language  sufficiently  intelligible.  Thus  we  are  told,  by  Mr. 
Arthur  Young,  that,  in  some  parts  of  England,  any  loose  clay  is 
called  marl,  in  others  marl  is  called  chalk,  and  in  others  clay  is 
called  loam.  From  so  confused  an  application  of  terms,  all  general 
benefits  of  experience  in  agriculture  must  be  greatly  limited. 

Chemistry  may,  to  agriculturalists,  become  a  universal  language, 
in  which  the  facts,  that  are  observed  in  this  art,  may  be  so  cloth- 
ed, as  to  be  intelligible  to  all  ages  and  nations.  It  would  be  desira- 
ble, for  example,  when  a  writer  speaks  of  clay,  loam,  or  marl, 
that  he  should  explain  his  conception  of  these  terms,  by  stating 
the  chemical  composition  of  each  substance  expressed  by  them. 
For,  all  the  variety  of  soils  and  manures,  and  all  the  diversified 
productions  of  the  vegetable  kingdom,  are  capable  of  being 
resolved,  by  chemical  analysis,  into  a  small  number  of  elemen- 
tary ingredients.  The  formation  of  a  well  refined  language,  ex- 
pressing the  proportion  of  these  elements  in  the  various  soils  and 
manures,  now  so  vaguely  characterized,  would  give  an  accuracy 
and  precision,  hitherto  unknown,  to  the  experience  of  the  tillers  of 
the  earth. 

It  has  been  said,  by  those  who  contend  for  pure  empiricism  in 
the  art  of  agriculture,  that  it  has  remained  stationary,  notwithstand- 
ing all  improvements  in  the  sciences,  for  more  than  two  thousand 
years,    "To  refute  this  assertion,"  savs  Mr,  Kirwan,  "  we  need 
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only  compare  the  writings  of  Cato,  Columella,  or  Pliny,  with  many 
modern  tracts,  or  still  better,  with  the  modern  practice  ot  our  best 
farmers." — "  If  the  exact  connexion  of  effects  with  their  causes," 
he  adds,  "has  not  been  so  fully  and  extensively  traced  in  this  as  m 
other  subjects,  we  must  attribute  it  to  the  peculiar  difficulty  of 
the  investigation.  In  other  subjects,  exposed  to  the  joint  opera- 
tion of  many  causes,  the  effect  of  each,  singly  and  exclusively 
taken,  may  be  particularly  examined,  and  the  experimenter  may- 
work  in  his  laboratory,  with  the  object  always  in  his  view.  But 
the  secret  processes  of  vegetation  take  place  in  the  dark,  exposed 
to  the  various  and  indeterminable  influences  of  the  atmosphere, 
and  require,  at  least,  half  a  year  for  their  completion.  Hence  the 
difficulty  of  determining  on  what  peculiar  circumstance  success 
or  failure  depends;  for,  the  diversified  expei'ience  of  many  years 
alone  can  afford  a  rational  foundation  for  solid,  specific  conclu- 
sions."* 

II.  To  those  who  study  medicine  as  a  branch  of  general  sci- 
ence, or  with  the  more  important  view  of  practical  utility,  chemis- 
try may  be  recommended  with  peculiar  force  and  propriety. — The 
animal  body  may  be  regarded  as  a  living  machine,  obeying  the 
same  laws  of  motion  as  are  daily  exemplified  in  the  productions  of 
human  art.  The  arteries  are  long,  flexible,  and  elastic  canals,  ad- 
mitting, in  some  measure,  the  application  of  the  doctrine  of  hy- 
draulics ;  and  the  muscles  are  so  many  levers,  of  precisely  the 
same  effect  with  those  which  are  employed  to  gain  power  in  me- 
chanical contrivances.  Bnt  there  is  another  view,  in  which,  with 
equal  justice,  the  living  body  may  be  contemplated.  It  is  a  labo- 
ratory, in  which  are  constantly  going  forward  processes  of  various 
kind,  dependent  on  the  operation  of  chemical  affinities.  The  con- 
version of  the  various  kinds  of  food  into  blood,  a  fluid  of  compara- 
tively uniform  composition  and  qualities;  the  production  of  animal 
heat  by  the  action  of  the  air  on  that  fluid,  as  it  passes  through  the 
lungs;  and  the  changes,  which  the  blood  afterwards  undergoes  in 
its  course  through  the  body, — are  all,  exclusively,  subjects  of  che- 
mical inquiry.  To  these,  and  many  other  questions  of  physiology, 
chemistry  has  of  late  years  been  applied  with  the  most  encourag- 
ing success;  and  it  is  to  a  long  continued  prosecution  of  the  same 
plan,  that  we  are  to  look  for  a  system  of  physiological  science, 
which  shall  derive  new  vigour  and  lustre  from  the  passing  series 
of  years. 

*  Sec  Kirwan  on  Manures. 
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It  must  be  acknowledged,  however,  as  has  been  observed  by  Sir 
H.  Davy,*  that  "the  connection  of  chemistry  with  physiology  has 
given  rise  to  some  visionary  and  seductive  theories;  yet  even  this 
circumstance  has  been  useful  to  the  public  mind,  in  exciting  it  by 
doubt,  and  in  leading  it  to  new  investigations.  A  reproach,  to  a 
certain  degree  just,  has  been  thrown  upon  those  doctrines  known 
by  the  name  of  the  chemical  physiology ;  for,  in  the  applications 
of  them,  speculative  philosophers  have  been  guided  rather  by  the 
analogies  of  words  than  of  facts.  Instead  of  endeavouring  slow- 
ly to  lift  up  the  veil,  which  conceals  the  wronderful  phenomena  of 
living  nature  ;  full  of  ardent  imaginations,  they  have  vainly  and 
presumptuously  attempted  to  tear  it  asunder." 

III.  There  is  an  extensive  class  of  arts,  forming,  when  viewed 
collectively,  a  great  part  of  the  objects  of  human  industry,  which 
do  not,  on  a  loose  and  hasty  observation,  present  any  general  prin- 
ciple of  dependency  or  connexion.  But  they  appear  thus  disunited, 
because  we  have  been  accustomed  to  attend  only  to  the  produc- 
tions of  these  arts,  which  are,  in  truth,  subservient  to  widely  dif- 
ferent purposes.  Who  would  conceive,  for  instance,  that  iron  and 
common  salt ;  the  one  a  metal,  the  use  of  which  results  from  its 
hardness,  ductility  and  malleability  ;  the  other  a  substance,  chiefly 
valuable  from  its  acting  as  a  preservative  and  seasoner  of  food, — 
are  furnished  by  arts  alike  dependent  on  the  general  principles  of 
chemistry  ?  The  application  of  science,  in  discovering  the  prin- 
ciples of  these  arts,  constitutes  what  has  been  termed  economical 
chemistry  ;  amongst  the  numerous  objects  of  which,  the  follow- 
ing stand  most  distinguished  : 

1st.  Metallurgy,  or  the  art  of  extracting  metals  from  their  ores? 
comprehending  that  of  Assaying,  by  which  we  are  enabled  to  judge, 
from  the  composition  of  a  small  portion,  of  the  propriety  of  work- 
ing large  and  extensive  strata.  To  the  metallurgist,  also,  belong 
the  various  modifications  of  the  metals  when  obtained,  and  the 
union  of  them  together,  in  different  proportions,  so  as  to  afford 
compounds  adapted  to  particular  uses. — Throughout  the  whole  of 
this  art,  much  practical  knowledge  may  be  suggested  by  attention 
to  the  general  doctrines  of  chemistry.  The  artist  may  receive 
useful  hints  respecting  the  construction  of  furnaces  for  the  fusion 
of  ores  and  metals ;  the  employment  of  the  proper  fluxes  ;  the 
utility  of  the  admission  or  exclusion  of  air;  and  the  conversion  of 

*  In  his  excellent  "  Discourse,  Introductory  to  a  Course  of  Lectures,"  &c 
London.    Johnson.    1802, 
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the  refuse  of  his  several  operations  to  useful  purposes.  When  the 
metals  have  separated  from  their  ores,  they  are  to  be  again  subject- 
ed to  various  chemical  processes.  Cast  or  pig  iron  is  to  be  changed 
into  the  forms  of  wrought  or  malleable  iron  and  of  steel.  Copper, 
by  combination  with  zinc  or  tin,  affords  the  various  compounds  of 
brass,  pinchbeck,  bell-metal,  gun-metai,  Sec.  Even  the  art  of  print- 
ing owes  something  of  its  present  unexampled  perfection  to  the 
improvement  of  the  metal  of  types. 

2d.  Chemistry  is  the  foundation  of  those  arts  that  furnish  us 
with  saline  substances,  an  order  of  bodies  highly  useful  in  the  busi- 
ness of  common  life.  Among  these,  the  most  conspicuous  arc, 
sugar  in  ail  its  various  forms;  the  vegetable  and  mineral  alkalis, 
known  in  commerce  by  the  names  of  potash,  pearlash,and  barilla  ; 
common  salt ;  green  and  blue  vitriol,  and  alum  ;  nitre  or  saltpetre  ; 
sugar  of  lead  ;  borax  ;  and  a  long  catalogue,  which  it  is  needless 
to  extend  farther. 

3d.  The  manufacturer  of  glass,  and  of  various  kinds  of  /lottery 
and  porcelain,  should  be  thoroughly  acquainted  with  the  nature  of 
the  substances  he  employs  :  with  their  fusibility,  as  affected  by  dif- 
ference of  proportion,  or  by  the  admixture  of  foreign  ingredients ; 
with  the  means  of  regulating  and  measuring  high  degrees  of  heat ; 
with  the  principles  on  which  depend  the  hardness  of  his  products, 
and  their  fitness  for  bearing  the  vicissitudes  of  heat  and  cold  ;  and 
with  the  chemical  properties  of  the  best  adapted  colours  and  glaz- 
ings. Even  the  humble  art  of  making  bricks  and  tiles  has  received, 
from  the  chemical  knowledge  of  Bergman,  the  addition  of  several 
interesting  facts. 

4th.  The  preparation  of  various  kinds  of  fermented  liquors,  of 
wine,  and  ardent  spirits,  is  intimately  connected  with  chemical  prin- 
ciples. Malting,  the  first  step  in  the  production  of  some  of  these 
Jiquors,  consists  in  the  conversion  of  part  of  the  grain  into  saccha- 
rine matter,  essential  in  most  instances  to  the  success  of  the  fer- 
mentative change.  To  acquire  a  precise  acquaintance  with  the  cir- 
cumstances, that  favour  or  retard  the  process  of  fermentation,  no 
small  share  of  chemical  knowledge  is  required.  The  brewer 
should  be  able  to  ascertain,  and  to  regulate  exactly,  the  strength 
of  his  infusions,  which  will  vary  greatly  when  he  has  seemingly 
followed  the  same  routine.  He  should  be  aware  of  the  influence 
of  minute  changes  of  temperature  in  retarding  or  advancing  fer- 
mentation ;  of  the  means  of  promoting  it  by  proper  ferments^  and 
of  the  influence  of  the  presence  or  exclusion  of  atmospherical  air. 
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A  complete  acquaintance  with  the  chemical  principles  of  his  art, 
can  hardly  fail  to  afford  him  essential  aid  in  ils  practice. 

The  production  of  ardent  spirits  is  only  a  sequel  of  the  vinous 
fermentation,  and  is,  therefore,  alike  dependent  on  the  doctrines  of 
chemistry. 

5th.  The  arts  of  bleaching,  dyeing  and  fifintingt  are,  throughout,  a 
tissue  of  chemical  operations.  It  is  not  unusual  to  hear  the  new 
mode  of  bleaching  distinguished  by  the  appellation  of  the  chemical 
method ;  but  it  is,  in  truth,  not  more  dependent  on  the  principles 
of  this  science,  than  the  one  which  it  has  superseded,  nor  than  the 
kindred  arts  of  dyeing  and  printing.  In  the  instances  of  bleaching, 
the  obligation  due  to  the  speculative  chemist  is  universally  felt  and 
acknowledged.  But  the  dyer  an:1  the  printer  have  yet  to  receive 
from  the  philosopher  some  splendid  invention,  which  shall  com- 
mand their  respect,  and  excite  their  attention  to  chemical  science. 
From  purely  speculative  men,  however,  much  less  is  to  be  expect- 
ed, than  from  men  of  enlightened  experience,  who  endeavour  to 
discover  the  design  and  reason  of  each  step  in  the  processes  of 
their  arts,  and  fit  themselves  for  more  effectual  observation  of  par- 
ticular facts,  by  diligently  possessing  themselves  of  general  truths. 

The  objections  of  inquiry  that  present  themselves  to  the  dyer  and 
printer,  are  of  considerable  number  and  importance.  The  preparation 
of  goods  for  the  reception  of  colouring  matter;  the  application  of  the 
bases,  or  means  of  fixing  fugitive  colours  ;  the  improvement  of 
colouring  ingredients  themselves;  and  the  means  of  rendering  them 
permanent,  so  that  they  shall  not  be  affected  by  soap,  or  by  the  acci- 
dental contact  of  acids  or  other  corrosive  bodies;  are  among  the 
subjects  of  chemical  investigation.  It  is  the  business  of  the  dyer, 
therefore,  to  become  a  chemist  ;  and  he  may  be  assured  that,  even 
if  no  brilliant  discovery  should  be  the  reward  of  the  acquisition,  he 
will  yet  be  better  fitted  by  it  for  conducting  common  operations, 
with  certain  and  unvaried  success. 

6th.  The  tanning  and  preparation  of  leather  are  processes  strictly 
chemical,  which  were  involved  in  mystery,  till  they  were  reduced 
to  well  established  principles  by  the  researches  of  Seguin,  and  by 
the  subsequent  experiments  of  Davy.  In  this,  as  in  most  other  ex- 
amples, the  application  of  science  to  the  practical  improvement  of 
an  art,  has  to  encounter  the  obstacles  of  ignorance  and  prejudice. 
But  the  interests  of  men  are  sure  finally  to  prevail;  and  the  most 
bigotted  attachment  to  established  forms  must  give  place  to  the 
clearly  demonstrated  utility  of  new  p|£tices.  Such  a  demonstration 
is  generally  furnished  by  some  artist  of  more  enlightened  views 
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than  his  neighbours,  who  has  the  spirit  to  deviate  from  ordinary 
rules;  and  thus  becomes  (not  unl'requcntly  with  some  personal 
sacrifice)  a  model  for  the  imitation  of  others,  and  an  important  bene- 
factor of  mankind. 

Many  other  chemical  arts  might  be  enumerated ;  but  enough,  I 
trust,  has  been  said,  to  evince  the  connexion  between  practical  skill 
and  the  possession  of  scientific  knowledge.  I  shall  now  proceed  to 
develop  the  plan,  on  which  the  following  course  of  instruction  will 
be  conducted. 

There  are  two  methods  of  delivering  the  general  doctrines  of 
chemistry,  and  the  facts  connected  with  them.  The  one  consists  in 
a  historical  detail  of  the  gradual  progress  of  the  science  ;  and,  in 
pursuing  this  plan,  we  follow  the  natural  progress  of  the  human 
mind,  ascending  from  particular  facts  to  the  establishment  of  gene- 
ral truths.  But  a  strong  objection  to  its  adoption  is,  that  we  are 
thus  led  into  a  minuteness  of  detail,  which  is  ill  suited  to  the  plan  of 
elementary  instruction.  In  the  other  mode  of  arrangement,  we 
neglect  wholly  the  order  of  time  in  which  facts  were  discovered, 
and  class  them  under  general  divisions,  so  framed  as  to  assist  the 
mind  in  apprehending  and  retaining  the  almost  infinite  variety  of 
particular  truths. 

In  a  classification  of  the  objects  of  chemistry,  we  may  cither  be- 
gin with  those  substances,  which  are  deemed  lobe  simple,  and  pro- 
ceed gradually  to  the  more  complicated;  or  we  may  take  bodies, 
as  they  are  usually  presented  to  us,  and  arrange  them  according  to 
the  resemblances  of  their  external  characters  ;  making  the  develop- 
ment of  their  composition  a  subordinate  part  of  the  plan.  To  the 
former,  or  synthetic  method,  there  is  this  strong  objection  ;  that 
as  we  are  probably  still  very  remote  from  a  knowledge  of  the  true 
elements  of  matter,  it  must  be  liable,  in  the  progress  of  science, 
to  frequent  and  fundamental  changes.  It  has  been  found  necessary, 
for  example,  in  consequence  of  Sir  H.  Davy's  discoveries,  to  re- 
move the  fixed  alkalis  and  the  earths  from  the  class  of  simple  to 
that  of  compound  bodies.  Besides,  it  may  be  urged,  where  are  wc 
to  place  those  substances,  which  have  hitherto  resisted  all  attempts 
at  their  analysis,  and  yet  have  a  close  resemblance,  in  natural  cha- 
racters, to  the  bodies  with  which  they  are  now  associated  ?  For 
these  reasons  it  appears  to  me,  that  one  arrangement  is  preferable 
to  another,  on  no  other  ground,  than  as  it  is  better  adapted  for  com- 
municating a  knowledge  of  the  subject ;  for  all  must  be  equally  re- 
mote from  that  perfection,  which  cannot  be  considered  as  attained, 
till  the  science  of  chemistry  is  no  longer  capable  of  improvement. 
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The  order,  which  I  have  adopted  as  most  eligible,  is  to  com- 
mence with  those  facts,  which  lead  most  directly  to  the  establish- 
ment of  general  principles.  Attraction  or  affinity,  as  the  great 
cause  of  all  chemical  changes,  and  as  admitting  of  illustration  by 
phenomena  that  are  sufficiently  familiar,  has  a  primary  claim  to 
consideration.  Next  to  that  of  attraction,  the  influence  of  Heat,  over 
the  forms  and  properties  of  bodies,  is  the  most  generally  observed 
fact ;  and  as  heat  is  a  power,  which  is  constantly  opposed  to  that  of 
affinity,  there  is  the  more  propriety  in  contrasting  their  operation. 
With  heat,  Light  also,  as  a  repulsive  agent,  is  frequently  associat- 
ed, and  electricity  belongs  to  the  same  class  of  powers.  But  as 
the  action  of  electricity  consists,  chiefly,  in  effecting  the  disunion 
of  chemical  compounds,  I  have  removed  it  from  that  place  in  the 
system,  which  seems  naturally  to  belong  to  it.  For  before  we  can 
understand  the  general  laws  of  electro-chemical  agency,  it  is  ne- 
cessary to  know  something  of  oxygen  and  a  few  of  the  inflammable 
bodies  ;  nor  can  the  theory  of  the  excitation  of  galvanic  electricity 
be  made  at  all  intelligible,  without  this  previous  knowledge. 

The  phenomena  of  heat,  and  the  laws  deduced  from  them,  con- 
duct us  naturally  to  the  great  source  of  that  fluid,  which  will  be 
traced  to  a  class  of  bodies,  agreeing,  in  mechanical  properties,  with 
the  air  of  our  atmosphere,  and  called  airs  or  gases.  These  gases, 
we  shall  find,  consist  partly  of  gravitating  matter,  and  partly  of  an 
extremely  subtile  fluid,  which  impresses  on  our  organs  the  sensa- 
tion of  heat,  and  is  called  caloric*  When  the  ponderable  ingre- 
dients, usually  called  the  bases,  of  these  gases,  combine  together, 
or  with  other  bodies,  caloric  is  given  out  and  new  compounds  are 
generated.  It  is  on  the  possession  or  absence  of  the  property  of 
decomposing  one  of  them,  oxygen  gas,  that  a  comprehensive  divi- 
sion has  been  made  of  bodies  into  combustible  and  incombustible. 
The  latter,  however,  it  appears  probable,  are  such,  only  in  conse- 
quence of  being  already  combined  with  oxygen.  Hence  we  might 
divide  all  the  variety  of  substances  into  oxygen  and  inflammable 
matter ;  and  of  these,  the  last  mentioned,  it  appears  not  improba- 
ble from  Sir  H.  Davy's  discoveries,  will  turn  out  to  be  universally 
metallic. 

The  next  class  of  bodies,  that  claim  our  attention,  includes  those 
compounds,  which  are  formed  either  by  the  union  of  the  simple 
gases  or  of  their  bases.  Thus  oxygen  and  nitrogen  gases  com- 
pose atmospheric  air  ;  and  hydrogen  and  oxygen,  water.    Nitrogei) 

*  L;ght  and  electridiy  are  probably,  also,  constituents  of  the  gases. 
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and  hydrogen,  by  their  union,  afford  ammonia ;  and  with  this  fluid 
the  fixed  alkalis  are  naturally  associated.  The  detail  of  properties 
belonging  to  the  alkalis  and  earths,  is,  indeed,  a  necessary  prelimi- 
nary to  that  of  the  acids,  the  most  important  quality  of  which  is, 
that  they  constitute,  with  the  alkalis  and  earths,  the  extensive  class 
of  neutral  salts.  The  consideration  of  the  bases  of  the  alkalis  and 
earths  has  been  made  to  follow  that  of  the  bodies  themselves,  be- 
cause these  bases  are  the  products  of  refined  and  complicated  ope- 
rations, which  could  scarcely  have  been  otherwise  understood.  The 
fixed  alkalis,  also,  precede  the  volatile  ones,  on  account  of  the  sin- 
gular effects  of  potassium  on  ammonia. 

The  next  class  of  compounds  is,  that  of  acids.  With- each  of 
these  I  have  connected  the  history  of  its  base,  when  known  ;  for  as 
several  of  these  bodies  have  lost,  in  consequence  of  Sir  H.  Davy's 
discoveries,  their  title  to  be  considered  as  elementary,  it  becomes 
merely  a  question  of  convenience  where  they  should  be  placed.  In 
treating  of  the  acids,  their  relation  will  be  traced  to  those  bodies 
only  which  have  already  been  described  ;  for  it  would  be  unseason- 
able to  detail  their  action  on  metals,  till  that  class  of  substances  has 
been  specifically  discussed. 

Having  dismissed  the  consideration  of  such  elementary  bodies 
as  are  distinguished  by  affording  acids  when  combined  with  oxy- 
gen, of  the  properties  of  acids  thus  generated,  and  of  the  compounds 
afforded  by  the  union  of  acids  with  alkalis  ;  an  important  division 
of  elementary  substances  will  next  claim  our  attention,  viz.  the 
metals. 

This  class  of  bodies,  it  is  usual  to  introduce  at  a  much  earlier 
period  :  but  I  have  adopted  a  different  order,  from  the  considera- 
tion, that,  with  the  previous  knowledge  of  the  constitution  and 
qualities  of  acids,  the  history  of  the  metals  maybe  made  much  more 
complete  ;  and,  especially,  that  all  the  various  modes  and  pheno- 
mena of  their  combinations  with  oxygen  may  be  more  distinctly  ex- 
plained. The  more  complex  productions  of  the  vegetable  and 
animal  kingdoms  will  be  the  last  step  in  our  progress  through  the 
science. 

For  the  exclusive  adoption  of  the  new  doctrines  of  chemistry,  and 
of  the  nomenclature  connected  with  them,  no  apology  can  now  be 
necessary.  From  those  who  have  been  in  the  habit  of  teaching  che- 
mistry, both  before  and  since  the  revolution  in  this  science,  we  have 
the  strongest  testimony,  that  the  labour  of  acquiring  a  knowledge 
of  it  is  diminished  beyond  all  comparison.*-"  I  have  adopted  the 
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new  nomenclature,"  says  Mr.  Chaptal,  "  in  my  lectures  and  writ- 
ings, and  I  have  not  failed  to  perceive  how  very  advantageous  it  is 
to  the  teacher  ;  how  much  it  relieves  the  memory ;  how  greatly  it 
tends  to  produce  a  taste  for  chemistry  ;  and  with  what  facility  and 
precision  the  ideas  and  principles  concerning  the  nature  of  bodies 
fix  themselves  in  the  minds  of  the  auditors."  We  have  the  appro- 
bation, also,  of  the  most  distinguished  metaphysicians  of  the  age, 
of  the  connexion  of  new  doctrines  with  a  new  and  more  accurate 
language.  "  The  new  nomenclature  of  chemistry,"  it  is  observed 
by  Mr.  Dugald  Stewart,  in  his  Elements  of  the  Philosophy  of  the 
Human  Mind,  "seems  to  furnish  a  striking  illustration  of  the 
effect  of  appropriate  and  well-defined  expressions,  in  'aiding  the 
intellectual  powers;  and  the  period  is  probably  not  far  distant, 
when  similar  innovations  will  be  attempted  in  other  sciences." 
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Dele  the  description  of  Fig-.  44  j  as  that  figure  should  have  been  erased 
irom  the  plate,  the  article  to  which  it  defers  not  having  been  retained  in  this 
edition. 


ELEMENTS 

OF 

EXPERIMENTAL  CHEMISTRY. 

PART  I. 

CHAPTER  I. 

OF  A  CHEMICAL  LABORATORY  AND   APPARATUS. 

A.  CHEMICAL  laboratory,  though  extremely  useful,  and  even 
essential,  to  all  who  embark  extensively  in  the  practice  of  chemis- 
try, either  as  an  art,  or  as  a  branch  of  liberal  knowledge,  is  by  no 
means  required  for  the  performance  of  those  simple  experiments, 
which  furnish  the  evidence  of  the  fundamental  truths  of  the  sci- 
ence. A  room  that  is  well  lighted,  easily  ventilated,  and  destitute 
of  any  valuable  furniture,  is  all  that  is  absolutely  necessary  for  the 
purpose.  It  is  even  advisable,  that  the  construction  of  a  regular 
laboratory  should  be  deferred,  till  the  student  has  made  some  pro- 
gress in  the  science  ;  for  he  will  then  be  better  qualified  to  accom- 
modate its  plan  to  his  own  peculiar  views  and  convenience. 

It  is  scarcely  possible  to  offer  the  plan  of  a  laboratory,  which 
will  be  suitable  to  every  person,  and  to  all  situations;  or  to  sug- 
gest anything  more  than  a  few  rules  that  should  be  generally  ob- 
served. Different  apartments  are  required  for  the  various  classes 
of  chemical  operations.  The  principal  one  may  be  on  the  ground- 
floor;  twenty -five  feet  long,  fourteen  or  sixteen  wide,  and  open  to 
the  roof,  in  which  there  should  be  contrivances  for  allowing  the 
occasional  escape  of  suffocating  vapours.  This  will  be  destined 
chiefly  for  containing  furnaces,  both  fixed  and  portable.  It  should 
be  amply  furnished  with  shelves  and  drawers,  and  with  a  large  table 
in  the  centre,  the  best  form  of  which  is  that  of  a  double  cross. 
Another  apartment  may  be  appropriated  to  the  minuter  operations 
of  chemistry;  such  as  those  of  precipitation  on  a  small  scale,  the 
processes  that  require  merely  the  heat  of  a  lamp,  and  experiments 
on  the  gases.     In  a  third,  of  a  smaller  size,  may  be  deposited  accu- 
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rate  balances,  and  other  instruments  of  considerable  nicety,  which 
would  be  injured  by  the  acid  fumes  that  are  constantly  spread 
through  a  laboratory. 

The  following  are  the  principal  instruments  that  are  required  in 
chemical  investigations;  but  it  is  impossible,  without  entering  into 
very  tedious  details,  to  enumerate  all  the  apparatus  that  should  be 
in  possession  of  a  practical  chemist. 

I.  Furnaces.  These  may  be  formed  either  of  solid  brick- 
work, or  of  such  materials  as  admit  of  their  removal  from  place 
to  place.* 

The  directions  generally  laid  down  in  elementary  books  of  che- 
mistry, for  the  construction  of  fixed  furnaces,  appear  to  me  defi- 
cient in  precision,  and  such  as  a  workman  would  find  it  difficult  to 
put  in  practice.  I  have,  therefore,  given  plans  and  sections,  in  the 
last  two  plates,  of  the  various  kinds  of  furnaces  :  and,  in  the  Appen- 
dix, minute  instructions  will  be  found  for  erecting  them. f 

The  furnaces  of  most  general  utility  are,  1st,  the  Wind  Furnace, 
in  which  an  intense  heat  is  capable  of  being  excited  for  the  fusion 
of  metals,  &c.  In  this  furnace,  the  body  submitted  to  the  action  of 
heat,  or  the  vessel  containing  it,  is  placed  in  contact  with  the  burn- 
ing fuel.  Fig.  60  exhibits  one  of  the  most  common  construction. 
Fig.  61  is  the  section  of  a  wind  furnace  ;  the  plan  of  which  was 
obligingly  communicated  to  me  by  Mr.  Knight,  of  Fostcrlane,  Lon- 
don, to  whom,  also,  I  am  indebted  for  that  represented,  fig.  62.  The 
wind  furnace  of  Mr.  Chenevix  is  shown  by  fig.  74.  2dly,  The 
Evaporating  Furnace  is  formed  of  iron  plates,  joined  together  by 
rabbiting,  and  placed  over  horizontal  returning  flues  of  brick. 
Figs.  64  and  65,  are  two  views  of  this  furnace,  as  recommended  by 
Mr.  Knight.  When  evaporation  is  performed  by  the  naked  fire, 
the  vessel  may  be  placed  on  the  top  of  the  furnace,  fig.  60  or  61; 
and  when  effected  through  the  intervention  of  a  water  bath,  a  shal- 
low kettle  of  water,  in  which  is  placed  the  evaporating  dish  and  its 
contents,  may  be  set  in  the  same  situation.  For  the  purposes  of 
evaporating  liquids,  and  drying  precipitates  on  a  small  scale,  at  a 
temperature  not  exceeding  212°  Fahrenheit,  a  convenient  apparatus 
is  represented  by  fig.  27.  3dly,  The  plan  of  a  Reverberatory  Fur- 
nace is  exhibited  by  figs.  66,  67,  and  68.  4thly,  The  Furnace  for 
Distilling  by  a  Sand  Heat  is  constructed  by  setting  upon  the  top 
of  the  brick-work,  fig  60,  the  iron  pot,  fig.  71  ;  a  door  being  made 
in  the  side  of  the  furnace  for  introducing  fuel.  Distillation  by 
the   naked  fire  is  performed  with  the  wind  furnace,  figs.   62,  63. 

*  The  best  arrangement  that  can  be  made  of  a  series  of  Furnaces  for  a  Che- 
mical Laboratory,  is  probably  that  of  Mr.  Allen,  a  plate  and  description  of  which 
is  given  in  the  2d  vol.  of  Aiken's  Chemical  Dictionary.  Another,  not  very  dis- 
similar, is  described  in  Parke's  Chemical  Catechism,  6th  London  Edition,  as 
taken  from  the  Laboratory  of  the  Surry  Institution,  and  which  that  author  con- 
ceives to  be  one  of  the  most  complete  experimental  Laboratories  in  Great 
Britain.     C. 

f  See  the  Description  of  the  7th  and  8th  plates  in  the  Appendix. 
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5thly,  The  Cufielling,  or  Enamelling  Furnace,  is  shown  by  figs. 
69,  70. 

Portable  furnaces,  however,  are  amply  sufficient  for  all  the  pur- 
poses of  the  chemical  student,  at  the  outset  of  his  pursuit.  The 
one  which  I  prefer  is  that  shown  by  figs.  58  and  59.  It  was  origi- 
nally contrived,  I  believe,  by  Mr.  Schmeisser* ;  and  is  made,  with 
considerable  improvements,  and  sold  by  Mr.  Knight.  Its  size  is  so 
small,  that  it  may  be  set  on  a  tabic,  and  the  smoke  may  be  conveyed 
by  an  iron  pipe,  into  the  chimney  of  the  apartment-  In  the  furnace, 
as  it  is  usually  sold,  the  chimney,  adapted  for  distillation  with  a 
sand  heat,  passes  directly  through  the  sand-bath,  the  form  of  which 
is  necessarily  altered,  from  the  common  to  a  very  inconvenient  one. 
I  have  found  it  a  great  improvement  to  make  the  aperture  for  the 
chimney  at  k.  This  allows  us  to  have  a  sand-bath  of  the  usual 
shape,  as  shown  by  fig.  59  ;  or  even  to  place  evaporating  dishes, 
or  a  small  boiler,  on  the  top  of  the  furnace.  The  aperture  may  be 
closed  by  a  stopper,  when  we  dispose  the  furnace  as  shown  by  fig. 
28  Dr.  Biack's  furnace  is  generally  made  of  a  larger  size,  and  is 
adapted  to  operations  on  a  more  considerable  scale.  (See  figs.  72 
and  73.)  Both  these  furnaces  are  constructed  of  thin  iron  plates, 
and  are  lined  with  fire-clay.  They  will  be  minutely  described  in 
the  references  to  the  plates. 

For  the  purpose  of  exciting  a  sudden  heat,  and  of  raising  it  to 
great  intensity,  nothing  can  be  better  adapted  than  a  very  simple, 
cheap,  and  ingenious  furnace,  contrived  by  Mr.  Charles  Aikin,  fig. 
55.  It  is  formed  out  of  pieces  of  black-lead  melting  pots,  in  a  man- 
ner to  be  afterwards  described  ;  and  is  supplied  with  air  by  a  pair 
of  double  bellows,  d.  By  a  slight  alteration,  this  furnace  may  oc- 
casionally be  employed  for  the  operation  of  cupelling.  (See  fig. 
57,) 

II.  For  containing  the  materials,  which  are  to  be  submitted  to 
the  action  of  heat  in  a  wind  furnace,  vessels  called  crucibles  are 
employed.  They  are  most  commonly  made  of  a  mixture  of  fire 
clay  and  sand,  occasionally  with  the  addition  of  plumbago,  or  black 
lead.  The  Hessian  crucibles  are  best  adapted  for  supporting  an 
intense  heat  without  melting ;  but  they  are  liable  to  crack  when 
suddenly  heated  or  cooled.  The  porcelain  ones,  made  by  Messrs. 
Wedgwood,  are  of  much  purer  materials,  but  are  still  more  apt  to 
crack  on  sudden  changes  of  temperature ;  and,  when  used,  they 
should,  therefore,  be  placed  in  a  common  crucible  of  larger  size, 
the  interval  being  filled  with  sand.  The  black-lead  crucibles  re- 
sist very  sudden  changes  of  temperature  and  may  be  repeatedly 
used  ;  but  they  are  destroyed  when  some  saline  substances  (such 
as  nitre)  are  melted  in  them,  and  are  consumed  by  a  current  of  air. 
For  certain  purposes,  crucibles  are  formed  of  pure  silver,  or  pla- 
tina.  Their  form  varies  considerably,  as  will  appear  from  inspect- 
ing plate  vi.  figs.  49,  50,  51,  and  54.  It  is  necessary,  in  all  cases,  to 
raise  them  from  the  bars  of  the  grate,  by  a  stand,  fig.  53,  a  or  b.  For 

*  See  his  Mineralogy,  Tab.  Hi.  and  iv. 
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the  purpose  of  submitting  substances  to  the  continued  action  of  a 
red  heat,  ind  with  a  considerable  surface  exposed  to  the  air,  the  hol- 
low arched  vessel,  with  aflat  bottom,  fi^-  5  2,  termed  a  muffle,  is  com- 
monly used.  In  fig.  69,  d,e,  the  muffle  is  shown,  placed  in  a  fur- 
nace for  use. 

Ill  Evaporating  vessels  should  always  be  of  a  flat  shape,  so  as 
to  expose  them  extensively  to  the  action  of  heat.  (See  a  section  of 
one,  fig.  12.)  They  are  formed  of  glass,  of  earthen  ware,  and  of  va- 
rious metals.  Those  of  glass  are  with  difficulty  made  sufficiently 
thin,  and  are  often  broken  by  changes  of  temperature;  but  they 
have  a  great  advantage  in  the  smoothness  of  their  surface,  and  in 
resisting  the  action  of  most  acid  and  corrosive  substances  Eva- 
poraung  vessels  of  porcelain,  or  Wedgwood's  ware,  are  next  in 
utility,  are  less  costly,  and  less  liable  to  be  cracked.  They  are 
made  both  of  glazed  and  unglazed  ware.  For  ordinary  purposes 
the  former  are  to  be  preferred;  but  the  unglazed  should  be  employ- 
ed when  great  accuracy  is  required,  since  the  glazing  is  acted  on 
by  several  chemical  substances.  Evaporating  vessels  of  glass,  or 
porcelain,  are  generally  bedded,  up  to  their  edge,  in  sand  (see  fig. 
65);  but  those  of  various  metals  are  placed  immediately  over  the 
naked  fire.  When  the  glass  or  porcelain  vessel  is  very  thin,  and  of 
small  size,  it  may  be  safely  placed  on  the  ring  of  the  brass  stand, 
plate  i.  fis^.  13,  and  the  flame  of  an  Argand's  lamp, cautiously  regu- 
lated, may  be  applied  beneath  it.  A  lamp  thus  supported,  so  as  to 
be  raised  or  lowered,  at  pleasure,  on  an  upright  pillar,  to  which 
rings,  of  various  diameters,  are  adapted,  will  be  found  extremely 
useful;  and,  when  a  strong  heat  is  required,  it  is  advisable  to  em- 
ploy a  lamp,  provided  with  double  concentric  wicks. 

IV.  In  the  process  of  evaporation,  the  vapour  for  the  most  partis 
allowed  to  escape;  but  of  certain  chemical  processes,  the  collection 
of  the  volatile  portion  is  the  principal  object.  This  process  is 
termed,  distillation.  It  is  performed  in  vessels  of  various  forms 
and  materials.  The  common  still  is  so  generally  known,  that  a  re- 
presentation of  it  in  the  plates  was  deemed  unnecessary*.  It  con- 
sists of  a  vessel,  generally  of  copper,  shaped  like  a  tea-kettle,  but 
without  its  spout  and  handle.  Into  the  opening  of  this  vessel,  in- 
stead of  a  common  lid,  a  hollow  moveable  head  is  affixed,  which 
ends  in  a  narrow,  open  pipe.  The  pipe  is  received  into  another 
tube  of  lead,  which  is  twisted  spirally,  and  fixed  in  a  wooden  tub,  so 
that  it  may  be  surrounded  by  cold  water.  (Fig.  40,  dd.)  When 
the  apparatus  is  to  be  used,  the  liquid  intended  to  be  distilled  is 
poured  into  the  body  of  the  still,  and  the  head  is  fixed  in  its  place, 
the  pipe  which  terminates  it,  being  received  into  the  leaden  worm. 
The  liquid  is  raised  into  vapour,  which  passes  into  the  worm,  is 
there  condensed  by  the  surrounding  cold  water,  and  flows  out  at  the 
lower  exrremity. 

The  common  still,  however,  can  only  be  employed  for  volatilizing 

*  See  Aikuvs  URem.  Diet.  pi.  ii.  fig.  31. 
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substances  that  do  not  acton  copper,  or  other  metals,  and  is,there- 
foiv,  limited  to  very  few  operations.  The  ressel,  fig.  2,  is  of  glass, 
or  earthen  ware,  and  is  also  intended  for  distillation.  It  is  termed 
an  alembic,  and  consists  of  two  parts;  the  body  a  for  containing  the 
materials,  and  the  head,  6,  by  which  the  vapour  is  condensed  ;  the 
pipe,  c,  conveying  it  to  a  r^  ceiver.  Vessels,  termed  retorts,  however, 
are  more  generally  used.  Fig.  1,  a  shows  the  common  form,  and 
fig.  13,  a  represents  a  stoppered,  or  tuoulated  retort.  Retons  are 
made  of  glass,  of  earthen  ware,  or  of  metal.  When  a  liquid  is  to 
be  added  at  distant  intervals  during  the  process,  the  best  contri- 
vance is  that  shown  fig  26,  a,  consisting  of  a  bent  tube,  whh  a  fun- 
nel at  the  upper  end.  When  the  whole  is  introduced  at  first,  it  'S 
done  euuer  through  the  tubulure,  or,  if  into  a  plain  retort,  through 
the  funnel,  fi^;.  10 

To  the  retort,  a  receiver  is  a  necessary  appendage  ;  and  this  may 
either  be  plain, fig.  l,  6,  or  tu  mlated,  as  shown  by  the  doited  lines  at 
c.  To  some  receivers  a  pipe  is  added  (fig.  13,  b),  which  may  enter 
partly  into  a  bottle  beneath.  This  vessel,  which  is  principally  use- 
ful for  enabling  us  to  remove  the  distilled  liquid,  at  different  periods 
of  the  process,  is  termed  a  quilled  receiver.  For  some  purposes,  it 
is  expedient  to  have  the  quilled  part  accurately  ground  to  the  neck 
of  the  bottle,  c,  which  should  then  be  furnished  with  a  tubulure,  or 
second  neck,  having  a  ground  stopper,  and  should  he  provided,  also, 
with  a  bent  tube,  to  be  occasionally  applied,  for  conveying  away  any 
gases  that  mty  be  produced.  The  condensation  of  the  vapour  is 
much  facilitated,  by  lengthening  the  neck  of  the  retort  with  an 
adopter,  (fig.  1 1,)  the  wider  end  of  which  slips  over  the  retort  neck, 
while  its  narrow  extremity  is  admitted  into  the  mouth  of  the  receiv- 
er.   (See  fig.  63  ) 

Heat  may  be  applied  to  the  retort  in  several  modes.  When  the 
vessel  is  of  earthen  ware,  and  when  the  distilled  substance  requires 
a  strong  heat  to  raise  it  into  vapour,  the  naked  fire  is  applied,  as 
shown  fig,  63.  Glass  retorts  are  generally  placed  in  heated  sand 
(fig.  59) ;  and,  when  of  a  small  size,  the  flame  of  an  Argand's  lamp, 
cautiously  regulated,  may  be  conveniently  used  (fig    13). 

In  several  instances,  the  substance  raised  by  distillation  is  part- 
ly a  condensable  liquid,  and  partly  a  gas,  which  is  not  condensed 
till  it  is  brought  into  contact  with  water  To  effect  this  double 
purpose,  a  series  of  receivers,  termed  Woulfe's  Afifiaratus,  is  em- 
ployed. The  first  receiver  (6,  fig.  30)  has  a  right-angled  glass 
tube,  open  at  both  ends,  fixed  into  its  tunulure;  and  the  other  ex- 
tremity of  the  tube  is  made  to  terminate  beneath  the  surface  of  dis- 
tilled water,  contained,  as  high  as  the  horizontal  dotted  line,  in  the 
three-necked  bottle  c.  From  another  neck  of  this  bottle,  a  second 
pipe  proceeds,  which  ends,  like  the  first,  under- water,  contained  in 
a  second  bottle  d.  To  the  central  neck  a  straight  tube,  open  at 
both  ends,  is  fixed,  so  that  its  lower  end  may  be  a  little  beneath  the 
surface  of  the  liquid.  Of  these  bottles  any  number  may  be  em- 
ployed that  is  thought  necessary. 

The  materials  being  introduced  into  the  retort,  the  arrangem-nt 
completed,  and  the  joints  secured  in  the  manner  to  be  presently 
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described,  the  distillation  is  begun.  The  condensable  vapour  col- 
lects in  a  liquid  form  in  the  balloon  b,  while  the  evolved  gas  passes 
through  the  bent  pipe,  beneath  the  surface  of  the  water  in  c,  which 
continues  to  absorb  it  till  saturated.  When  the  water  of  the  first 
bottle  can  absorb  no  more,  the  gas  passes,  uncondensed,  through 
the  second  right-angled  tube,  into  the  water  of  the  second  bottle, 
which,  in  its  turn,  becomes  saturated.  Any  gas  that  may  be  pro- 
duced, which  is  not  absorbable  by  water,  escapes  through  the  bent 
tube  e,  and  may  be  collected,  if  necessary. 

Supposing  the  bottles  to  be  destitute  of  the  middle  necks,  and, 
consequently,  without  the  perpendicular  tubes,  the  process  would 
be  liable  to  be  interrupted  by  an  accident:  for  if,  in  consequence  of 
a  diminished  temperature,  an  absorption  or  condensation  of  gas 
should  take  place,  in  the  retort  a,  and,  of  course,  in  the  balloon  6, 
it  must  necessarily  ensue  that  the  water  of  the  bottles  c  and  d 
would  be  forced,  by  the  pressure  of  the  atmosphere,  into  the  bal- 
loon, and  possibly  into  the  retort ;  but,  with  the  addition  of  the  cen- 
tral tubes,  a  sufficient  quantity  of  air  rushes  through  them  to  sup- 
ply any  accidental  vacuum.  This  inconvenience,  however,  is  still 
more  conveniently  obviated  by  Welthers's  tube  of  safety  (fig.  31. 
b),  which  supersedes  the  expediency  of  three-necked  bottles.  The 
apparatus  being  adjusted,  as  shown  by  the  figure,  a  small 
quantity  of  water  is  poured  into  the  funnel,  so  as  to  about  half  fill 
the  ball  b  When  any  absorption  happens,  the  fluid  rises  in  the 
ball,  till  none  remains  in  the  tube,  when  a  quantity  of  air  immedi- 
ately rushes  in.  On  the  other  hand,  no  gas  can  escape,  because 
any  pressure  from  within  is  instantly  followed  by  the  formation  of  a 
high  column  of  liquid  in  the  perpendicular  part,  which  resists  the 
egress  of  gas.  This  ingenious  invention  I  can  recommend,  from 
ample  experience  of  its  utility.* 

Very  useful  alterations  in  the  construction  of  Woulfe's  appara- 
tus have  been  contrived  also  by  Mr.  Pepys  and  Mr.  Knight.  That 
of  the  former  is  shown  (fig.  32),  where  the  balloon  b  is  surmount- 
ed by  a  vessel  accurately  ground  to  it,  and  furnished  with  a  glass 
valve,  resembling  that  affixed  to  Nooth's  apparatus.  This  valve  al- 
lows gas  to  pass  freely  into  the  vessel  c,  but  prevents  the  water 
which  it  contains  from  falling  into  the  balloon.  Mr.  Knight's  im- 
provement is  described,  and  represented  in  a  plate,  in  the  Philoso- 
phical Magazine,  vol.  xx.f 

*  Although  this  apparatus  is  known  always  by  the  name  of  Woulfe's,  there 
cannot  be  a  doubt,  that  the  invention  originated  with  Glauber,  who  has 
given  a  representation  of  it  in  his  works,  and  which  is  here  introduced,  as  some 
reparation  to  the  neglect  he  has  received  on  this,  as  well  as  on  some  other  oc- 
casions. Much  however  as  his  original  contrivance  has  been  improved  by  va- 
rious  chemists,  none  it  is  believed,  has  accomplished  it  so  effectually  as  Mr. 
Win.  Hembel  jr.  of  this  City.  A  plan  and  description  of  his  apparatus  is  also 
subjoined,  for  the  information  of  those  who  pursue  the  practice  of  Chemistry. 
See  Plate  10. C.  J 

f  Another  modification  of  this  apparatus,  by  Mr.  Murray,  is  represented  in 
Nich.  Journ.  8vo.  vol.  iii.  or  in  Murray's  System  of  Chemistry,  vol.  i.  plate  v. 
fig.  40.  Fig.  41  of  the  same  plate  exhibits  a  cheap  and  simple  form  of  this  ap- 
paratus, contrived  by  the  late  Dr.  Hamilton,  and  depicted  originally  in  his  trans- 
lation of  Berthollet  on  Dyeing.  Mr  Burkitt's  improvement  of  this  apparatus 
may  be  seen  in  Nicholson's  Journal,  4to.  vol.  v.  349. 
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When  a  volatile  substance  is  submitted  to  distillation,  it  is  ne- 
cessary to  prevent  the  escape  of  the  vapour  through  the  junctures 
of  the  vessels;  and  this  is  accomplished  by  the  application  of 
Lutes.  The  most  simple  method  of  confining  the  vapour,  it  is  ob- 
vious, would  be  to  connect  the  places  of  juncture  accurately  '.o- 
gether  by  grinding ;  and  accordingly  the  neck  of  the  retort  is 
sometimes  ground  to  the  mouth  of  the  receiver.  This,  however, 
adds  too  much  to  the  expence  of  apparatus  to  be  generally  prac- 
tised. 

When  the  distilled  liquid  has  no  corrosive  property,  (such  as  wa- 
ter, alcohol,  ether,  Sec),  slips  of  moistened  bladder,  or  of  paper, 
or  linen,  spread  with  flour  paste,  white  of  egg,  or  mucilage  of  gum 
arabic,  sufficiently  answer  the  purpose.  The  substance  which  re- 
mains, after  expressing  the  oil  from  bitter  almonds,  and  which  is 
sold  under  the  name  of  almond-meal,*  or  powder,  forms  a  useful 
lute,  when  mixed,  to  the  consistency  of  glaziers'  putty  with  water 
or  mucilage.  For  confining  the  vapour  of  acid,  or  highly  corro- 
sive substances,  the  fat  lute  is  well  adapted.  It  is  formed  by  beat- 
ing perfectly  dry  and  finely  sifted  tobacco  pipe-clay,  with  painters' 
drying  oil,  to  such  a  consistence  that  it  may  be  moulded  by  the 
hand.  The  same  clay,  beat  up  with  as  much  sand  as  it  will  bear, 
without  losing  its  tenacity,  with  the  addition  of  cut  tow,  or  of  horse- 
dung,  and  a  proper  quantity  of  water,  furnishes  a  good  lute,  which 
has  the  advantage  of  resisting  a  considerable  heat,  and  is  applicable 
in  cases  where  the  fat  lute  would  be  melted  or  destroyed.  Various 
other  lutes  are  recommended  by  chemical  writers  ;  but  the  few 
that  have  been  enumerated  I  find  to  be  amply  sufficient  for  every 
purpose. 

On  some  occasions,  it  is  necessary  to  protect  the  retort  from  too 
sudden  changes  of  temperature,  by  a  proper  coating.  For  glass 
retorts,  a  mixture  of  common  clay,  or  loam,  with  sand,  and  cut 
shreds  of  flax,  may  be  employed.  If  the  distillation  be  performed 
by  a  sand  heat,  the  coating  needs  not  to  be  applied  higher  than  that 
part  of  the  retort  which  is  bedded  in  sand  ;  but  if  the  process  be 
performed  in  a  wind  furnace  (fig.  63),  the  whole  body  of  the  retort 
and  that  part  of  the  neck  also  which  is  exposed  to  heat,  must  be 
carefully  coated.  To  this  kind  of  distillation,  however,  earthen  re- 
torts are  better  adapted  ;  and  they  may  be  covered  with  a  composi- 
tion originally  recommended  by  Mr.  Willis.  Two  ounces  of  borax 
are  to  be  dissolved  in  a  pint  of  boiling  water,  and  a  sufficient  quan- 
tity of  slaked  lime  added,  to  give  it  the  thickness  of  cream.  This 
is  to  be  applied  by  a  painter's  brush,  and  allowed  to  dry.  Over  this 
a  thin  paste  is  afterwards  to  be  applied,  formed  of  slaked  lime  and 
common  linseed-oil,  well  mixed  and  perfectly  plastic.  In  a  day  or 
two,  the  coating  will  be  sufficiently  dry  to  allow  the  use  of  the 
retort. 

*  Linseed  meal,  after  the  expression  of  the  oil,  is  equally  useful ;  and  for  the 
purpose  of  confining  acid  vapours,  where  the  heat  is  not  great,  nothing  is  bet- 
ter than  a  simple  luting  of  yellow  bees-Max.  It  is  easily  applied  in  a  state  of 
liquefaction  and  quickly  hardens.  With  it  alone  T  have  repeatedly  distilled 
"v*n  the  oxygenated  muriatic  arid.     C. 
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For  joining  together  the  parts  of  iron  vessels,  used  in  distillation, 
a  mixture  of  the  finest  China  clay,  with  solution  of  borax,  is  well 
adapted.  In  ail  cases,  the  different  parts  ot  any  apparatus  made  of 
iron  should  be  accurately  fitted  by  ooring  and  grinding,  and  the 
above  lute  is  to  be  applied  to  the  part  which  is  received  into  an 
aperture.  This  will  generally  be  sufficient  without  any  exterior 
luting  ;  otherwise  the  lute  of  clay,  Sand,  and  flax,  already  described, 
may  be  used. 

In  every  instance,  where  a  lute  or  coating  is  applied,  it  is  advis- 
able to  allow  it  to  dry  before  the  distillation  is  begun  ;  and  even  the 
fat  lute,  by  exposure  to  the  air  during  one  or  two  days  alter  its  ap- 
plication is  much  improved  in  its  quality.  The  clay  and  sand  lute 
is  perfectly  useless,  except  it  be  previously  quite  dry.  In  apply- 
ing a  lute,  the  part  immediately  over  the  juncture  should  swell  out- 
wards, and  its  diameter  should  be  gradually  diminished  on  each 
side.  (See  fig.  13,  where  the  luting  is  shown,  applied  to  the  join- 
ing ot  the  retort  and  receiver.) 

Besides  the  apparatus  already  described,  a  variety  of  vessels  and 
instruments  are  necessary,  having  little  resemblance  to  each  other, 
in  the  purposes  to  which  they  are  adapted.  Glass  vessels  are  re- 
quired for  effecting  solution,  which  often  requires  the  application 
ol  heat,  and  sometimes  for  a  considerable  duration.  In  the  latter 
case,  it  is  termed  digestion,  and  the  vessel,  fig  4,  called  a  mattras, 
is  the  most  proper  for  performing  it.  When  solution  is  requited 
to  be  quickly  effected,  the  bottle,  fig.  5,  with  a  rounded  bottom, 
may  be  used  ;  or  a  common  Florence  oil  flask  serves  the  same 
purpose  extremely  well,  and  bears,  without  cracking,  sudden 
changes  of  temperature.  For  firccijiitations,  and  separating  liquids 
from  precipitates,  the  decanting-jar  (fig.  14,)  will  be  found  useful  ; 
or,  if  preferred,  it  may  be  shaped  as  in  fig.  26,  f.  Liquids,  of  dif- 
ferent specific  gravities,  are  separated  by  the  vessel,  fig.  3  ;  the 
heavier  fluid  being  drawn  off  through  the  cock  6,  and  air  being 
admitted  by  the  removal  of  the  stopper  a,  to  supply  its  place. 
Glass  rods,  of  various  lengths,  and  spoons  of  the  same  material, 
or  of  porcelain,  are  useful  for  stirring  acid  and  corrosive  liquids  ; 
ana  a  stock  of  cylindrical  tubes,  of  various  sizes,  is  required  for 
occasional  purposes.  It  is  necessary  also  to  be  provided  with  a 
series  of  glass  measures,  graduated  into  drachms,  ounces  and 
pints. 

For  the  drying  of  precipitates,  and  other  substances,  by  a  heat 
not  exceeding  212°,  a  very  useful  apparatus  is  sold  in  London.  It 
is  represented,  supported  by  the  ring  of  a  lamp-stand,  by  fig.  27. 
The  vessel  a  is  of  sheet-iron  or  copper  japanned  and  hard-solder- 
ed ;  c  is  a  conical  vessel  of  very  thin  glass,  having  a  rim,  which 
prevents  it.  when  in  its  place,  from  entirely  slipping  into  a  ;  and 
d  is  a  moveable  ring,  which  keeps  the  vessel  c  in  its  place.  When 
the  apparatus  is  in  use,  water  is  poured  into  a  about  as  high  as 
the  dotted  line  ;  the  vessel  c,  containing  the  substance  to  be  dried, 
is  immersed  in  the  water,  and  secured  by  the  ring  d  ;  and  the 
whole  apparatus  set  over  an  Argand's  lamp.    The  steam  escapes 
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by  means  of  the  chimney  b,  through  which  a  little  hot  water  may 
be  occasionally  poured  to  supply  the  waste  hy  evaporation.  By 
changing  the  shape  of  c  to  the  segment  of  a  sphere,  still  retaining 
the  rim,  I  have  found  it  a  most  convenient  vessel  for  evaporating 
fluids. 

Accurate  beams  and  scales,  of  various  sizes,  with  corresponding 
weights,  some  of  which  are  capable  of  weighing  several  pounds, 
while  the  smaller  size  ascertains  a  minute  fraction  of  a  grain,  are 
essential  instruments  in  the  chemical  laboratory.  So  also  are  mor- 
tars of  different  materials,  such  as  of  glass,  porcelain,  agate,  and 
metal.  Wooden  stands,  of  various  kinds,  for  supporting  receivers, 
should  be  provided*.  For  purposes  of  this  sort,  and  for  occasion- 
ally raising  to  a  proper  height  any  article  of  apparatus,  a  series 
of  blocks,  made  of  well  seasoned  wood,  eight  inches  (or  any  other 
number)  square,  and  respectively  eight,  four,  two,  one,  and  half 
an  inch  in  thickness,  will  be  found  extremely  useful ;  since,  by 
combining  them  in  different  ways,  thirty-one  different  heights  may 
be  obtained. 

The  blow-pipe  is  an  instrument  of  much  utility  in  chemical  re- 
searches. A  small  one,  invented  by  Mr.  Pepys,  with  a  flat  cylin- 
drical box  for  condensing  the  vapour  of  the  breath,  and  for  con- 
taining caps,  to  be  occasionally  applied  with  apertures  of  various 
sizes,  is  perhaps  the  most  commodious  formf-  One  of  a  much 
smaller  size,  for  carrying  in  the  pocket,  has  been  contrived  by  Dr. 
Wollaston,  and,  may  be  had  from  Mr.  Knight,  of  Foster-Lane}. 
A  blow-pipe,  which  is  supplied  with  air  from  a  pair  of  double 
bellows,  worked  by  the  foot§,  may  be  applied  to  purposes 
that  require  both  hands  to  be  left  at  liberty,  and  will  be  found 
useful  in  blowing  glass,  and  in  bending  tubes.  The  latter  pur- 
pose, however,  may  be  accomplished  by  holding  them  over  an 
Argand's  lamp  with  double  wicks.  Occasionally,  when  an  intense 
heat  is  required,  the  flame  of  the  blow-pipe,  instead  of  being  sup- 
ported by  the  moutli,  may  be  kept  up  by  a  stream  of  oxygen  gas, 
expelled  from  a  bladder  or  from  a  gas-holder||. 

In  the  course  of  this  work,  various  other  articles  of  apparatus 
will  be  enumerated,  in  detailing  the  purposes  to  which  they  are 
adapted,  and  the  principles  on  which  they  are  constructed.  It  must 
be  remembered,  however,  that  it  is  no  part  of  my  object  to  de- 
scribe every  ingenious  and  complicated  invention,  which  has  been 
employed  in  the  investigation  of  chemical  science  :  but  merely  to 
assist  the  student  in  attaining  apparatus  for  general  and  ordinary 
purposes.  For  such  purposes,  and  even  for  the  prosecution  of  new 
and  important  inquiries,  very  simple  means  are  sufficient ;  and 
some  of  the  most  interesting  chemical  facts  may  be  exhibited  with 
the  aid  merely  of  Florence  flasks,  of  common  vials,  and  of  wine 

*  See  Aikin's  Chem.  Diet.  pi.  iv.  fig.  59,  c. 
f  See  Aikin's  Chem.  Diet.  pi.  vii.  fig.  71,  72,  73. 
i  It  is  described  in  Nich.  Journ.  xv.  284. 
§  Phil.  Mag.  xliii.  280. 

||  See  a  representation  of  the  apparatus  for  this  purpose,  in  the  Chemical 
Conversations,  pi.  ix. 
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glasses.  In  converting  these  to  the  purposes  of  apparatus,  a 
considerable  saving  of  expense  will  accrue  to  the  experimentalist ; 
and  he  will  avoid  the  encumbrance  of  various  instruments,  the 
value  of  which  consists  in  show,  rather  than  in  real  utility. 

In  the  selection  of  experiments,  I  shall  generally  choose  such 
as  may  be  undertaken  by  persons  not  possessed  of  an  extensive 
chemical  apparatus.  On  some  occasions,  however,  it  may  be  ne- 
cessary, in  order  to  complete  the  series,  that  others  should  be  in- 
cluded, requiring,  for  their  performance,  instruments  of  consider- 
able nicety.  The  same  experiment  may,  perhaps,  in  a  few  instan- 
ces, be  repeatedly  introduced  in  illustration  of  different  principles, 
but  this  repetition  will  be  avoided  as  much  as  possible.  Each  ex- 
periment will  be  preceded  by  a  b'ief  enunciation  of  the  general 
truth  which  it  is  intended  to  illustrate. 


CHAPTER  II. 

OF    CHEMICAL  AFFINITY. 

ALL  bodies,  composing  the  material  system  of  the  universe, 
have  a  mutual  tendency  to  approach  each  other,  whatsoever  may 
be  the  distances  at  which  they  are  placed.  The  operation  of  this 
force  extends  to  the  remotest  parts  of  the  planetary  system,  and 
is  one  of  the  causes  that  preserves  the  regularity  of  their  orbits. 
The  smaller  bodies,  also,  that  are  under  our  more  immediate  ob- 
servation, are  influenced  by  the  same  power,  and  fall  to  the  Earth's 
surface,  when  not  prevented  by  the  interference  of  other  forces. 
From  these  facts,  the  existence  of  a  property  has  been  inferred, 
which  has  been  called  attraction,  or  more  specifically  the  attraction 
of  gravitation.  Its  nature  is  entirely  unknown  to  us;  but  some  of 
its  laws  have  been  investigated,  and  successfully  applied  to  the 
explanation  of  phenomena.  Of  these,  the  most  important  are, 
that  the  force  of  gravity  acts  on  bodies  directly  in  proportion  to  the 
quantity  of  matter  in  each  ;  and  that  it  decreases  in  the  reciprocal 
proportion  of  the  squares  of  the  distances. 

From  viewing  bodies  in  the  aggregate,  we  may  next  proceed 
to  contemplate  them  as  composed  of  minute  particles.  Of  the  na- 
ture of  these  particles,  we  have  no  satisfactory  evidence.  It  is 
probable  that  they  consist  of  solids,  which  are  incapable  of  me- 
chanical division,  but  are  still  possessed  of  the  dimensions  of 
length,  breadth,  and  thickness.  In  simple  bodies,  the  particles 
must  be  all  of  the  same  nature,  or  homogenous.  In  compound 
bodies,  we  are  to  understand,  by  the  term  particles,  the  smallest 
parts  into  which  bodies  can  be  resolved  without  decomposition. 
The  word  atom  has  of  late  been  revived,  to  denote  both  these 
kinds  of  particles ;  and  we  may,  therefore,  speak  with  propriety 
of  aimfile  atoms  and  of  compound  atoms.  When  two  atoms  of  dif- 
ferent kinds  unite  to  form  a  third  or  compound  atom,  we  may  term 
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the  two  first  component  atoms  ;  and  it  these  have  not  been  decom- 
posed, they  ma>  be  called   elementary  atoms. 

The  atoms  or  particles  of  bodies  are  also  influenced  by  the  force 
of  attraction,  but  noi  unless  when  placed  in  apparent  contact.  Hence 
a  distinction  has  been  made  between  gravitation,  and  that  kind  of 
attraction,  which  is  effective  only  at  insensible  distances.  The  lat- 
ter has  been  called  contiguous  attraction  or  affinity  ;  and  it  has  been 
distinguished,  as  it  is  exerted  between  particles  ot  matter,  of  the 
same  kind,  or  between  particles  of  a  different  kind. 

By  the  affinity  of  aggregation,  the  cohesive  affinity,  or,  more  sim- 
ply, cohesion,  is  to  be  understood  that  force  or  power,  by  which  parti- 
cles or  atoms  of  matter  of  the  same  kind  attract  each  other,  the  only 
effect  of  this  affinity  being  an  aggregate  or  mass.  Thus  a  lump  of 
copper  may  be  considered  as  tomposed  of  an  infinite  number  of  mi- 
nute particles  or  integrant  parts,  each  of  which  has  precisely  the 
same  properties,  as  those  that  belong  to  the  whole  mass.  These 
are  united  by  the  force  of  cohesion.  But  if  the  copper  be  combin- 
ed with  another  metal  (such  as  zinc),  we  obtain  a  compound  (brass), 
the  constituent  parts  of  which,  copper  and  zinc,  are  combined  by 
the  power  of  chemical  affinity.  In  simple  bodies,  therefore,  cohe- 
sion is  the  only  force  exerted  between  their  particles.  But  in  com- 
pound bodies,  we  may  distinguish  the  force,  with  which  the  com- 
ponent atoms  are  united,  from  that  which  the  compound  atoms  exert 
towards  each  other;  the  former  being  united  by  chemical  affinity, 
and  the  latter  by  the  cohesive  attraction. 


SECTION  I. 

Of  Cohesion,  Solution,  and  Crystallization. 

The  cohesive  affinity  is  a  property,  which  is  common  to  a  great 
variety  of  bodies.  It  is  most  strongly  exerted  in  solids ;  and  in  these 
it  is  proportionate  to  the  mechanical  force  required  for  effecting 
their  disunion.  In  liquids,  it  acts  with  considerably  less  energy  ; 
and  in  aeriform  bodies  we  have  no  evidence  that  it  exists  at  all ; 
for  their  particles,  as  will  afterwards  be  shown,  are  mutually  repul- 
sive, and,  if  not  held  together  by  pressure,  would  probable  separate 
to  immeasurable  distances.  Its  force  is  not  only  different  among 
different  bodies,  but  in  various  states  of  the  same  body.  Thus  in 
the  cohesion  of  certain  metals  (steel  for  instance,)  important 
changes  are  produced  by  the  rate  of  cooling,  by  hammering,  and 
by  other  mechanical  operations.  Water,  also,  in  a  solid  state,  has 
considerable  cohesion,  which  is  much  diminished  when  it  be- 
comes liquid,  and  is  entirely  destroyed  when  it  is  changed  into 
vapour. 

The  most  important  view,  in  which  the  chemist  has  to  consider 
cohesion,  is  that  of  a  force  either  counteracting  or  modifying  che- 
mical affinity;  for  the  more  strongly  the  particles  of  any  body  are 
united  by  this  power,  the  less  are  they  disposed  to  enter  into  com 
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bination  with  other  bodies.  In  many  cases,  a  very  powerful  affinity 
between  two  substances  may  be  rendered  wholly  inefficient,  by  the 
strong  cohesion  of  one  or  both  them.  Hence  it  has  been  received 
as  an  axiom,  that  t/ie  affinity  oj  'composition  is  inversely  firofior  donate 
to  the  cohesive  affinity.  To  the  language,  however,  in  which  this 
axiom  is  expressed,  it  has  been  justly  objected,  that  it  implies  an 
accuracy  of  proportion  between  the  forces  of  cohesion  and  of  che- 
mical affinity,  which  cannot  be  proved  to  exi^t;  since  all  that  can 
truly  be  affirmed  is,  in  general  terms,  that  the  affinity  of  composition 
is  less  effective,  as  the  attraction  of  cohesion  is  greater. 

The  cohesion  of  bodies  may  be  overcome,  lstly,  by  mechanical 
operations,  as  by  rasping,  grinding,  pulverising,  and  other  modes 
of  division,  which  are  generally  employed  as  preliminary  steps  to 
chemical  processes.  In  some  instances,  even  a  minuter  division 
ol  bodies  is  necessary,  than  can  be  accomplished  by  mechanical 
means ;  and  recourse  is  then  had  to  pr.  cipitation.  Silica,  for  ex- 
ample, in  the  state  of  rock  crystal,  may  be  boiled  for  a  long  time  in 
liquid  potash,  without  any  appearance  of  chemical  action.  It  may 
even  be  bruised  to  powder,  without  being  rendered  sensibly  soluble. 
But  when  first  precipitated  from  a  state  of  chemical  solution,  it  is 
readily  dissolved  by  that  menstruum. 

2dly,  Cohesion  may  be  counteracted  by  heat,  applied  so  as  to 
melt  one  or  both  of  the  bodies,  if  fusible;  or  to  raise  them  into  va- 
pour, if  volatile.  Lead  and  sulphur  contract  no  union,  till  one  or 
both  of  them  is  melted  by  heat.  Arsenic  and  sulphur  are  united 
most  effectually,  by  bringing  them  into  contact,  when  both  are  in  a 
state  of  vapour. 

3dly,  Cohesion  may  be  counteracted  by  solution  ;  and  this  is  so 
general  a  condition  of  chemical  union,  that  it  was  formerly  received 
as  an  axiom,  that  bodies  do  not  act  on  each  other,  unless  one  or  both 
are  in  a  state  of  solution  ;  a  principle  to  which  the  progress  of  che- 
mical science  has  since  discovered  many  exceptions. 

The  term  solution  is  applied  to  a  very  extensive  class  of  pheno- 
mena. When  a  solid  disappears  in  a  liquid,  or  when  a  solid  or  li- 
quid is  taken  up  by  an  aeriform  body,  if  the  compound  exhibit  per- 
fect transparency,  we  have,  in  each  instance,  an  example  of  solution. 
The  expression  is  applied,  both  to  the  act  of  combination,  and  to  the 
result  of  the  process.  When  common  salt,  such  as  is  used  in 
cookery,  is  agitated  with  water,  it  disappears ;  in  other  words,  its  so- 
lution takes  place ;  and  we  also  term  the  liquid  which  is  obtained,  a 
solution  of  salt  in  water.  This  is  one  of  the  simplest  cases  that 
can  be  adduced,  of  the  efficiency  of  chemical  affinity  ;  for  solution  is 
always  the  result  of  an  affinity  between  the  fluid  and  the  solid  which 
is  acted  upon,  sufficient  in  force  to  overcome  the  cohesion  of  the 
solid  This  affinity  continues  to  act,  until,  at  length,  a  certain  point 
is  attained,  where  the  affinity  of  the  solid  and  fluid  for  each  other  is 
overbalanced  by  the  cohesion  of  the  solid,  and  the  solution  cannot 
be  carried  further.  The  point  is  called  saturation,  and  the  fluid  ob- 
tained is  termed  a  saturated  solution. 

With  respect  to  common  salt,  water  acquires  no  increase  of  its 
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solvent  power  by  the  application  of  heat*  But  there  are  various 
salts  with  which  water  may  be  saturated  at  the  common  tempera- 
ture of  the  atmosphere,  and  will  yet  be  capable  ot  dissolving  a  still 
farther  quantity  by  an  increase  of  its  temperature.  When  a  solu- 
tion, thus  charged  with  an  additional  quantity  of  sail,  is  allowed  to 
cool,  the  second  portion  of  salt  is  deposited  in  a  form  resembling  its 
original  one. 

To  recover  a  salt  from  its  solution,  if  its  solubility  does  not  vary 
with  the  temperature  of  the  solvent,  as  in  the  instance  of  common 
salt,  it  is  necessary  to  expel  a  portion  of  the  fluid  by  heat.  This 
constitutes  the  process  ot  evaporation.  If  the  evaporation  be  car- 
ried on  very  slowly,  so  that  the  particles  of  the  solid  may  approach 
each  other  in  the  way  best  adapted  to  them,  we  obtain  solid  figures, 
of  a  regular  shape,  called  crystals.  The  crystallization  of  a  solid 
may  also  take  place  from  that  state  of  fluidity  which  is  pro- 
duced by  heat.  Thus,  several  of  the  metals  crystallize  on  cool- 
ing from  a  melted  state;  and  some  volatile  bodies,  as  arsenic,  as- 
sume, when  condensed  from  the  state  of  vapour,  the  shape  of  regu- 
lar crystals. 

In  the  act  of  separating  from  the  water  in  which  they  were  dis- 
solved, the  crystals  of  almost  all  salts  carry  with  them  a  quantity  of 
water,  which  is  essential  to  the  regularity  of  their  form,  and  cannot 
be  expelled  without  reducing  them  to  shapeless  masses.t  It  is 
termed  their  water  of  crystallization  Its  proportion  varies  in  dif- 
ferent salts;  in  some  it  is  extremely  small;  in  others  it  constitutes 
the  principal  part  of  the  salt,  and  is  even  so  abundant  as  to  liquefy 
them  on  the  application  of  heat,  producing  what  is  called  the  watery 
fusion.  The  water  of  crystallization  is  retained  also  in  different 
salts  with  very  different  degrees  of  force.  Some  crystals,  which 
lose  their  watery  ingredient  by  mere  exposure  to  the  atmosphere, 
are  said  to  effloresce.  Others,  on  the  contrary,  not  only  hold  their 
water  of  crystallization  very  strongly,  but  even  attract  more ;  and, 
on  exposure  to  the  atmosphere,  become  liquid,  or  deliguiate.  The 
property  itself  is  called  deliquescence. 

When  two  salts  are  contained  in  the  same  solution,  which  vary  in 
their  degree  of  solubility,  and  which  have  no  remarkable  attraction 
for  each  other,  they  may  be  obtained  separate.  For  by  carefully  re- 
ducing the  quantity  of  the  solvent  by  evaporation,  the  salt  whose 
particles  have  the  greatest  cohesion,  will  crystallize  first.  If  both 
salts  are  more  soluble  in  hot  than  in  cold  water,  the  crystals  will 
not  appear  till  the  liquid  cools.  But  if  one  of  them,  like  common 
salt,  is  equally  soluble  in  hot  and  in  cold  water,  crystals  will  appear, 
even  during  the  act  of  evaporation.  In  this  way  we  may  completely 
separate  nitre  from  common   salt,  the  crystals  of  the  latter  being 


*  Although  the  difference  of  solubility  of  common  salt  in  water,  at  60°  and 
at  212°  is  very  trifling,  it  is  nevertheless  sufficiently  obvious.  At  the  former 
temperature  it  requires  2.8  times  its  weight,  but  only  2.76  at  the  latter.     C. 

-|-  This  is  correct  in  a  general  point  of  view  ;  nevertheless,  it  appears  that  sul- 

{>hat  of  soda,  under  particular  circumstances,  may  still  retain  its  crystalline 
brm,  although  deprived  of  its  water  of  crystallization.    C. 


14  CHEMICAL   AFFINITY,  &C.  CHA1>.  II. 

formed  during  evaporation;  while  those  of  nitre  do  not  appear  tiil 
some  time  after  the  fluid  has  cooled. 

Salts,  which  are  thus  deposited  in  regular  shapes,  generally  ad- 
here to  the  surface  of  the  vessel  containing  the  solution,  or  to  any 
suhstance,  such  as  pieces  of  thread  or  of  wood,  introduced  for  the 
purpose  of  collecting  them.  But  a  still  more  effectual  way  of  in- 
ducing crystallization  is  to  immerse,  in  the  solution,  a  crystal  of 
the  same  kind  with  that  which  we  expect  to  be  formed.  The  crys- 
tal, thus  exposed,  receives  successive  additions  to  its  several  sur- 
faces, and  preserves  its  form,  with  a  considerable  addition  to  its 
magnitude.  This  curious  fact  was  originally  noticed  by  Le  Blanc, 
who  has  founded  on  it  a  method  of  obtaining  large  and  perfect 
crystals.* 

In  some  instances,  the  affinity  of  a  salt  for  its  solvent  is  so  pow- 
erful, that  it  will  not  separate  from  it  in  the  form  of  crystals  ;  but 
will  yet  crystallize  horn  another  fluid,  which  is  capable  of  dissolving 
it,  and  for  which  it  has  a  weaker  affinity.  Pot-ash,  for  instance, 
cannot  be  made  to  crystallize  from  its  watery  solulion,  but  will  yet 
separate  in  a  regular  form,  from  its  solution  in  alcohol. 

Every  solid,  that  is  susceptible  of  crystallization,  has  a  tendency 
to  assume  a  peculiar  shape.  Thus  common  salt,  when  most  per- 
fectly crystallized,  forms  regular  cubes;  nitre  has  the  shape  of  a 
six-sided  prism  ;  and  alum  that  of  an  octahedron.  It  had,  indeed, 
been  alleged,  as  an  objection  to  the  modern  theory  of  crystalliza- 
tion, that  minerals,  differing  essentially  in  their  composition,  have 
precisely  the  same  primitive  form  ;  but  this  has  been  shown,  by 
Dr.  Wollaston,  to  be  a  mistake,  and  that,  though  the  figures  are 
similar,  their  angles,  on  admeasurement  by  a  nice  instrument,  dif- 
fer very  appreciablyf.  The  same  solid,  however,  admits  of  varia- 
tions of  its  crystalline  figure.  Calcareous  sp?.r,  for  example,  forms 
six-sided  prisms,  and  three  or  six-sided  pyramids.  These  varie- 
ties are  occasioned  by  accidental  circumstances  which  modify  the 
operation  of  the  force  of  cohesion.  The  diversities  of  shape  are, 
on  first  view,  extremely  numerous ;  and  yet  upon  a  careful  exami- 
nation and  comparison,  they  are  found  to  be  reducible  to  a  small 
number  of  simple  figures. 

The  attempt  to  trace  all  the  observed  forms  of  crystals  to  a  few 
simple  or  primary  ones,  seems  to  have  originated  with  Bergmanf. 
In  the  instance  of  calcareous  spar,  this  distinguished  chemist  de- 
monstrated that  its  numerous  modifications  may  possibly  result  from 
one  simple  figure,  the  rhomb,  by  the  accumulation  of  which,  in  vari- 
ous ways,  crystals  of  the  most  opposite  forms  may  be  generated. 
This  theory  he  extended  to  crystals  of  every  kind  ;  and  he  accounted 
for  the  differences  of  their  external  figures,  by  varieties  of  their  me- 
chanical elements  or  minute  molecules. 

About  the  same  period  with  Bergman,  or  immediately  afterwards, 

*  Le  Blanc's  method  was  to  employ  the  most  perfect  crystals  for  the  process ; 
but  I  have  shewn  experimentally,  that  an  imperfect  mass  of  Sulphat  of  Copper', 
may  by  proper  attention  be  equally  made  to  assume  a  perfect  and  regular 
form.     C. 

f  Phil.  Trans  1812. 

*  Bergman's  Essays,  vol.  ii. 
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M.  Rome  de  l'lsle  pursued  still  farther  the  theory  of  the  structure  of 
crystals.  He  reduced  Uie  study  of  crystallography  to  principles 
more  exact,  and  more  consistent  with  observation.  He  classed  to- 
gether, as  much  as  he  was  able,  crystals  of  the  same  nature. 
From  among  the  different  forms  belonging  to  the  same  species, 
he  selected,  for  the  primitive  form,  one  which  appeared  to  him  to 
be  the  most  proper,  on  account  of  its  simplicity.  Supposing  this 
to  be  truncated  in  different  manners,  he  deduced  the  other  forms, 
and  established  a  certain  gradation,  or  series  of  passages,  from  the 
primitive  form  to  complicated  figures,  which  on  first  view  would 
scarcely  appear  to  have  any  connexion  with  it.  To  the  descrip- 
tions and  figures  of  the  primitive  forms,  he  added  the  mechanical 
measurement  of  the  principal  angles,  and  showed  that  these  an- 
gles are  constantly  the  same  in  each  variety.  It  must  be  acknow- 
ledged, however,  that  the  primitive  forms,  assumed  by  this  philo- 
sopher, were  entirely  imaginary,  and  not  the  result  of  any  experi- 
mental analysis.  His  method  was  to  frame  an  hypothesis;  and 
then  to  examine  its  coincidence  with  actual  appearances.  On  his 
principles  any  form  might  have  been  the  primitive  one,  and  any 
other  have  been  deduced  from  it. 

It  was  reserved  for  the  sagacity  of  the  Abbe  Hiiay  to  unfold  the 
true  theory  of  the  structure  of  crystals,  and  to  support  it  both  by 
experimental  and  mathematical  evidence.  By  the  mechanical  di- 
vision of  a  complicated  crystal,  he  first  obtains  the  simple  form,  and 
afterwards  constructs,  by  the  varied  accumulation  of  the  primitive 
figure,  according  to  mathematical  synthesis,  all  the  observed  varie- 
ties of  that  species. 

Every  crystal  may  be  divided  by  means  of  proper  instruments  ; 
and,  if  split  in  certain  directions,  presents  plane  and  smooth  sur- 
faces. If  split  in  other  directions,  the  fracture  is  rugged,  is  the 
mere  effect  of  violence,  and  is  not  guided  by  the  natural  joining  of 
the  crystal.  This  fact  had  been  long  known  to  jewellers  and  lapi- 
daries; and  an  accidental  observation  of  it  proved,  to  the  Abbe 
Haiiy,  the  key  of  the  whole  theory  of  crystallization.  By  the  skil- 
ful division  of  a  six-sided  prism  of  calcareous  spar,  he  reduced  it 
to  a  rhomb,  precisely  resembling  that  which  is  known  under  the 
name  of  Iceland  crystal.  Other  forms  of  calcareous  spar  were 
subjected  to  the  same  operation;  and  however  different  at  the  out- 
set, finally  agreed  in  yielding,  as  the  last  product  a  rhomboidal 
solid.  It  was  discovered  also  by  Haiiy,  that  if  we  take  a  crystal  of 
another  kind  (the  cubic  fluor  spar  for  instance),  the  nucleus,  obtain- 
ed by  its  mechanical  division,  will  have  a  different  figure,  viz.  an 
octahedron.  Other  crystallized  bodies  produce  still  different  forms  ; 
which  are  not,  however,  very  numerous.  Those  which  have  hith- 
erto been  discovered,  are  reducible  to  six;  the  parallelopipedon, 
which  includes  the  cube,  the  rhomb,  and  all  the  solids  which  are 
terminated  by  six  faces,  parallel  two  and  two  ;  the  tetrahedron;  the 
octahedron  ;  the  regular  hexahedral  prism  ;  the  dodecahedron  with 
equal  and  similar  rhomboidal  planes;  and  the  dodecahedron  with 
triangular  planes. 

The  solid  of  the  primitive  form  or  nucleus  of  a  crystal,  obtained 
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by  mechanical  division  may  be  subdivided  in  a  direction  parallel  to 
its  different  laces.  All  the  sections  thus  produced  being  similar, 
the  resulting  solids  are  precisely  similar  in  shape  to  the  nuckus, 
and  differ  from  it  only  in  size,  which  continues  to  decrease  as 
the  division  is  carried  farther.  To  this  division,  however,  there 
must  be  a  limit,  beyond  which  we  should  come  to  particles  so 
small,  that  they  could  no  longer  be  divided.  At  this  erm,  there- 
fore, we  must  stop:  and  to  these  last  particles,  the  result  of  an 
analysis  of  the  primitive  nucleus,  and  similar  to  it  in  shape,  Haiiy 
has  given  the  name  ot  the  integrant  molecule.  If  the  division  of 
the  nucleus  can  be  carried  on  in  other  directions  than  parallel  to  its 
faces,  the  integral  molecule  may  then  have  a  figure  different  from 
that  of  the  nucleus.  The  forms,  however,  of  the  integrant  mole- 
cule, which  have  hitherto  been  discovered,  are  only  three;  the  te- 
trahedron, the  simplest  of  pyramids  ;  the  triangular  prism,  the  sim- 
plest of  prisms  :  and  the  parallelopipedon,  including  the  cube  and 
rhomboid,  the  simplest  of  solids  which  have  their  faces  parallel 
two  and  two.  With  respect  to  octahedral  crystals,  there  is  a  diffi- 
culty, whether  the  octahedron,  or  tetrahedron,  is  to  be  adopted  as 
the  primitive  form  ;  and,  whichsoever  be  chosen,  since  neither  of 
them  can  fill  space  without  leaving  vacuities,  it  is  not  easy  to  con- 
ceive any  arrangement,  by  which  the  particles  will  remain  at  rest. 
To  obviate  this  difficulty,  Dr.  Wollaston  has  suggested  that,  in 
such  instances,  the  elementary  particles  may  be  perfect  spheres  ; 
and  by  the  due  application  of  spheres  to  each  other,  he  has  shown, 
that  a  variety  of  crystalline  forms  may  be  produced.* 

The  primitive  form,  and  that  of  the  integral  molecule  having 
been  experimentally  determined  by  the  dissection  of  a  crystal,  the 
next  step  is  to  discover  the  law,  according  to  which  these  mole- 
cules are  arranged,  in  order  to  produce,  by  their  accumulation 
around  the  primitive  figure,  the  great  variety  of  secondary  forms. 
What  is  most  important  in  the  discoveries  of  Haiiy,  and  what  con- 
stitutes in  fact  the  essence  of  his  theory,  is  the  determination  of 
these  laws,  and  the  precise  measurement  of  their  action.  He  has 
shown  that  all  the  parts  of  a  secondary  crystal,  superadded  to  the 
primitive  nucleus,  consist  of  laminae,  which  decrease  gradually 
by  the  subtraction  of  one  or  more  layers  of  integrant  molecules; 
so  that  theory  is  capable  of  determining  the  number  of  these 
ranges,  and,  by  a  necessary  consequence,  the  exact  form  of  the 
secondary  crystal. 

By  the  developement  of  these  laws  of  decrement,  Haiiy  has 
shown  how,  from  variations  of  the  arrangement  of  the  integrant 
molecules,  a  great  variety  of  secondary  figures  may  be  produced. 
Their  explanation,  however,  would  involve  a  minuteness  of  detail, 
altogether  unsuitable  to  the  purpose  of  this  work  ;  and  I  refer, 
therefore,  for  a  very  perspicuous  statement  of  them  to  the  first 
and  ninth  volumes  of  the  Philosophical  Magazine. 

*  Phil.  Trans.  181  ^ 


17 


SECTION  II. 

Of  Chemical  Affinity-,  and  the  General  Phenomena  of  Chemical 

Action. 

Chemical  affinity,  like  the  cohesive  attraction,  is  effective  only 
at  insensible  distances ;  but  it  is  distinguished  trom  the  latter  force, 
in  being  exerted  between  the  particles  of  bodies  of  different  kinds. 
The  result  of  its  action  is  not  a  mere  aggregate,  having  the  same 
properties  as  the  separate  parts,  and  differing  only  by  its  greater 
quantity  or  mass,  but  a  new  compound,  in  which  the  properties 
of  the  components  have  either  entirely  or  partly  disappeared,  and 
in  which  new  qualities  are  also  apparent.  The  combinations  ef- 
fected by  chemical  affinity  are  permanent,  and  are  destroyed  only 
by  the  interference  of  a  more  powerful  force,  either  of  the  same 
or  of  a  different  kind. 

As  a  general  exemplification  of  chemical  action,  we  may  assume 
that  which  takes  place  between  potash  and  sulphuric  acid.  In  their 
separate  state,  each  of  these  bodies  is  distinguished  by  striking 
peculiarities  of  taste,  and  by  other  qualities.  The  alkali,  on  being 
added  to  blue  vegetable  infusions,  changes  their  colour  to  green  ; 
and  the  acid  turns  them  red.  But,  if  we  add  the  one  substance  to 
the  other,  very  cautiously  and  in  small  quantities,  examining  the 
effect  of  each  addition,  we  shall  at  length  attain  a  certain  point,  at 
which  the  liquid  will  possess  neither  acid  nor  alkaline  qualities  ; 
the  taste  will  be  converted  into  a  bitter  one ;  and  the  mixture  will 
produce  no  effect  on  blue  vegetable  colours.  Here  then,  the  quali- 
ties of  the  constituent  parts,  or  at  least  some  of  their  most  im- 
portant ones,  are  destroyed  by  combination.  When  opposing  pro- 
perties thus  disappear,  the  bodies  combined  have  been  said  to 
saturate  each  other;  and  the  precise  term,  at  which  this  takes 
place,  has  been  called  the  point  of  saturation..  It  is  advisable, 
however,  to  restrict  this  expression  to  weaker  combinations,  where 
there  is  no  remarkable  alteration  of  qualities,  as  in  cases  of  solu- 
tion ;  and  to  apply,  to  those  results  of  more  energetic  affinities, 
which  are  attended  with  loss  of  properties,  the  term  neutrali- 
zation. 

At  the  same  time  that  the  properties  of  bodies  disappear  on  com- 
bination, other  new  qualities,  both  sensible  and  chemical,  are  ac- 
quired ;  and  the  affinities  of  the  components  for  other  substances 
become  in  some  cases  increased,  in  others,  diminished  in  energy. 
Sulphur,  for  example,  is  destitute  of  taste,  smell,  or  action  on 
vegetable  colours ;  and  oxygen  gas  is,  in  these  vespects,  equally 
inefficient.  But  the  compound  of  sulphur  and  oxygen  is  intensely 
acid ;  the  minutest  portion  instantly  reddens  blue  vegetable  infu- 
sions;  and  the  acid  is  disposed  to  enter  into  combination  with  a 
variety  of  bodies,  for  which  its  components  evinced  no  affinity. 
Facts  of  this  kind  sufficiently  refute  the  opinion  of  the  older  che- 
mists, that  the  properties  of  compounds  are  intermediate  netween 
those  of  their  component  parts  ;  for  in  instances  like  the  foregoing 
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the  compound  has  qualities,  not  a  vestige  of  which  can.be  traced 
to  either  ot  its  elements. 

It  is  not,  now  ever,  in  all  cases,  that  the  change  of  properties 
is  so  distinct  and  appreciable  by  the  senses,  as  in  the  instances 
which  have  oeen  just  now  described.  In  some  examples  ot  chemical 
union,  the  change  is  scarcely  perceptible  to  the  eye  or  the  taste, 
when  the  chemist  is  n< vertneless  certain  that  combination  must 
have  taken  place.  Tnis  occurs  chiefly  in  the  mixture  of  saline 
solutions  with  each  other,  where  a  complete  exchange  of  princi- 
ples ensues,  witnoui  any  evident  change  of  properties.  Examples 
of  this  kind  cannot,  however,  be  understood  till  the  subject  of 
complex  affinity  has  been  first  elucidated. 

The  existence  of  chemical  affinity,  between  any  two  bodies  is 
interred,  therefore,  from  their  entering  into  chemical  combination  j 
and  that  this  has  happened,  a  change  of  properties  may  be  consi- 
dered as  a  sufficient  proof,  even  though  the  change  may  not  be 
very  obvious,  and  may  require  accurate  examination  to  be  per- 
ceived at  all. 

The  proof,  which  establishes  the  nature  of  chemical  compounds, 
if  of  two  kinds,  synthesis  and  analysis.  Synthesis  consists  in  ef- 
fecting the  chemical  union  of  two  or  more  bodies  ;  and  analysis  in 
separating  them  from  each  other,  and  exhibiting  them  in  a  sepa- 
rate state.  When  we  have  a  compound  of  two  or  more  ingre- 
dients, which  are  themselves  compounded  also,  the  separation  of 
the  compounds  from  each  other  may  be  called  the  proximate  ana- 
lysis ot  the  body  ;  and  the  farther  separation  of  these  compounds 
into  their  most  simple  principles,  its  ultimate  analysis-  Thus  the 
proximate  analysis  of  sulphate  of  potash  consists  in  resolving  it 
into  potash  and  sulphuric  acid  ;  and  its  ultimate  analysis  is  effected 
by  ■!<  composing  the  potash  into  potassium  and  oxygen,  and  the 
sulpi'uric  acid  into  oxygen  and  sulphur. 

When  the  analysis  ot  any  substance  has  been  carried  as  far  as 
possible,  we  arrive  at  its  most  simple  principles,  or  elements,  by 
which  expression  we  are  to  understand,  not  a  body  that  is  incapa- 
ble of  further  decomposition,  but  only  one  which  has  not  yet  been 
decomposed*  The  progress  of  chemical  science,  for  several  cen- 
turies past,  has  consisted  in  carrying  still  farther  the  analysis  of 
bodies,  and  in  proving  those  to  be  compounded,  which  had  before 
been  considered  as  elementary. 

Beside  the  alteration  of  properties,  which  usually  accompanies 
chemical  action,  there  are  certain  other  phenomena,  which  are 
generally  observed  to  attend  it. 

1st.  In  almost  every  instance  of  chemical  union,  the  specific 
gravity  of  the  compound  is  greater  than  might  have  been  inferred 
from  that  of  its  components;  and  this  is  true  both  of  weaker  and 
more  energetic  combinations.  When  equal  weights  of  water  and 
sulphuric  acid  are  made  to   combine,  the   specific  gravity  of  the 

*  The  term  above  applied  of  most  simple  principles  or  Elements,  is  evidently 
erron-  >ns.  unless  it  can  be  absolutely  shewn  that  no  further  decomposition  is 
capable  of  being  effected.    C. 


SECT.  III.  CHEMICAL  AFFINITY,  &C.  19 

resulting  liquid  is  not  the  mean,  but  considerably  greater  than  the 
mean.  The  law  extends  also  to  solids.  But  though  general,  it  is 
not  universal ;  for  in  a  very  tew  instances  chiefl)  of  aeriform  fluids, 
condensation  does  not  attend  chemical  union.  And  in  the  com- 
bination of  one  or  two  bodies  the  reverse  even  takes  place,  the 
compound  being  specifically  lighter  than  might  have  been  expect- 
ed, from  the  specific  gravity  of  its  elements,  and  their  proportion 
to  each  other. 

2dly.  When  bodies  combine  chemically,  it  may  be  received 
as  a  general  fact,  that  their  temperature  changes.  Equal  weights 
of  oil  of  vitriol  and  water,  both  at  the  temperature  of  50°  of  Fah- 
renheit, are  heated,  by  sudden  mixture,  to  considerably  above 
212°.  In  other  examples,  a  contrary  effect  takes  place,  and  a  di- 
minished temperature,  or,  in  other  words,  a  production  of  cold,  is 
observed.  Ti.is  is  all  that  it  is  at  presei.t  necessary  to  state  on  the 
su  jt;ct.  which  will  be  more  fully  considered  when  we  come  to 
treat  of  caloric. 

3.ily.  The  forms  of  bodies  are  often  materially  changed  by  chemi- 
cal combination.  Two  solids  may,  by  their  union,  become  fluid;  or 
two  fluids  may  become  solid.  Solids  are  also  often  changed  into 
ae  dorm  fluids ;  and,  in  many  instances,  the  union  of  two  airs,  or 
gases,  is  attended  with  their  sudden  conversion  into  the  solid  staie. 
By  long  exposure  of  quicksilver  to  a  moderate  heat,  we  change  it 
from  a  bri  liant  liquid  into  a  reddish  scaly  solid  ;  and  by  heating  this 
solid  in  a  retort,  we  obtain  an  aeriform  fluid,  or  gas,  in  considerable 
quantity,  and  recover  the  quicksilver  in  its  original  form. 

4thly.  Change  of  colour  is  a  frequent,  but  not  universal  concomi- 
tant of  chemical  action.  In  some  cases,  brilliant  colours  are  de- 
stroyed, as  when  oxymuriatic  acid  is  made  to  act  on  solution  of  in- 
digo. In  other  instances  two  substances-  which  are  nearly  colour- 
less, form,  by  their  union,  a  compound  distinguished  by  beauty  of 
colour  ;  as  when  liquid  potash  is  added  to  very  dilute  syrup  of  vio- 
lets. Certain  colours  appear  also  to  belong  essentially  to  chemical 
compounds,  and  to  be  characteristic  of  them.  Thus  100  parts  of 
quicksilver,  and  4  of  oxygen,  invariably  give  a  black  compound; 
and  the  same  quantity,  with  8  parts  of  oxygen,  a  red  compound. 


SECTION  III. 

Of  the  Proportions  in  which  Bodies  combine  ;  and  of  the  Atomic 

Theory, 

In  the  chemical  combination  of  bodies  with  each  other,  a  few  lead' 
inc  circumstances  deserve  to  be  remarked. 

1st.  Some  bodies  unite  in  all  proportions  ;  for  example,  water  and 
sulphuric  acid,  or  water  and  al  ohol. 

2dly.  Other  bodies  combine  in  al!  proportions,  as  far  as  a  certain 
point,  bevond  which  combination  no  longer  takes  place.  Thus 
water  will  take  up  successive  portions  of  common  salt,  until  at  length 
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it  becomes  incapable  of  dissolving  any  more.  In  cases  of  this  sort, 
as  well  as  in  those  included  under  the  first  head,  combination  is 
weak  and  easily  destroyed,  and  the  qualities  which  belonged  to  the 
components  in  their  separate  state  continue  to  be  apparent  in  the 
compound. 

3dly.  There  are  many  examples  in  which  bodies  unite  in  one  pro- 
portion only;  and  in  all  such  cases  the  proportion  of  the  elements 
of  a  compound  must  be  uniform  for  the  species  Thus  hydrogen 
and  oxygen  unite  in  no  other  proportions,  than  those  constituting 
water,  which,  by  weight,  are  very  nearly  11^  of  the  former  to  88£ 
of  the  latter,  or  1  to  7i.  In  cases  of  this  sort,  the  combination  is 
generally  energetic;  and  the  characteristic  qualities  of  the  compo- 
nents are  no  longer  observable  in  the  compound. 

4tniy.  Other  bodies  unite  in  several  proportions;  but  those  pro- 
po  tions  are  definite,  and,  in  the  intermediate  ones,  no  combination 
ensues.  Thus  100  parts  by  weight  of  charcoal  combine  with  132-*- 
of  oxygen,  or  with  265,  but  with  no  intermediate  quantity ;  100  parts 
of  manganese  combine  with  14  of  oxygen,  or  with  28,  or  with  42,  or 
with  5  6,  and  with  those  proportions  only. 

Now  it  is  remarkable,  that  when  one  body  enters  into  combi- 
nation with  another,  in  several  different  proportions,  the  numbers 
indicating  the  greater  proportions  are  exact  simple  multiples  of  that 
denoting  the  smallest  proportion.  In  other  words,  if  the  smallest 
proportion  in  which  B  combines  with  A,  be  denoted  by  10,  A  may 
combine  with  twice  10  of  B,or  with  three  times  10,  and  so  on;  but 
with  no  intermediate  quantities.  There  cannot  be  a  more  striking 
instance  of  this  law  than  that  above  mentioned,  of  the  compounds  of 
manganese  with  oxygen ;  in  which  the  oxygen  of  the  three  last 
compounds  may  be  observed  to  be  a  multiplication  of  that  of  the  first 
(14;  by  the  numbers  2,  3,  and  4  Examples,  indeed,  of  this  kind 
have,  of  bite,  so  much  accumulated,  that  the  law  of  simple  mul- 
tiples bids  fair  to  become  universal,  with  respect  at  least  to  chemi- 
cal compounds,  the  proportions  of  which  are  definite. 

Facts  of  this  kind  are  not  only  important  in  themselves,  but  also 
on  account  of  the  generalizations  that  have  been  deduced  from  them  ; 
for  on  them  Mr.  Dalton  has  founded  what  may  be  termed  the 
Atomic  Theory  of  the  chemical  Constitution  of  Bodies.  Till  this 
theory  was  proposed,  we  had  no  adequate  explanation  of  the  uni- 
formity of  the  proportions  of  chemical  compounds;  or  of  the  nature 
of  the  cause  which  renders  combination,  in  other  proportions,  im- 
possible. In  this  place  I  shall  offer  only  a  brief  illustration  of  the 
theory;  for  in  the  course  of  the  work  I  shall  have  occasion  to  apply 
it  to  the  explanation  of  a  variety  of  phenomena. 

Though  we  appear,  when  we  effect  the  chemical  union  of  bodies, 
to  operate  on  masses,  yet  it  is  consistent  with  the  most  rational  view 
of  the  constitution  of  bodies  to  believe,  that  it  is  only  between  their 
ultimate  fiarticles,  or  atoms,  that  combination  takes  place.  By  the 
terms  atoms,  it  has  been  already  stated,  we  are  to  understand  the 
smallest  parts  of  which  bodies  are  composed.  An  atom,  therefore 
must  be  mechanically  indivisible,  and  of  course  a  fraction  of  an  atom 
cannot  exist.     Whether  the  atoms  of  different  bodies  be  of  the  same 
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size,  or  of  different  sizes,  we  have  no  sufficient  evidence.  The  pro- 
bability is,  that  the  atoms  of  different  bodies  are  of  unequal  sizes;* 
but  k  cannot  be  determined  whether  their  sizes  bear  any  regular 
proportion  to  their  weights.  We  are  equally  ignorant  of  their 
shape ;  but  it  is  probable,  though  not  essential  to  the  theory,  that 
they  are  spherical.  This,  however,  requires  a  little  qualification. 
The  atoms  of  all  bodies  probably  consist  of  a  solid  corpuscle,  form- 
ing a  nucleus,  and  of  an  atmosphere  of  heat,  by  which  that  corpuscle 
is  surrounded;  for  absolute  contact  is  never  supposed  to  take  place 
between  the  atoms  of  bodies.  The  figure  of  a  simple  atom  may 
readily,  therefore,  be  conceived  to  be  spherical.  But  in  compound 
atoms,  consisting  of  a  singie  central  atom,  surrounded  by  other 
atoms  of  a  different  kind,  it  is  obvious,  that  the  figure  (contem- 
plating the  solid  corpuscles  only)  cannot  be  spherical ;  yet,  if 
we  include  the  atmosphere  of  heat-,  the  figure  of  a  compound 
atom  may  be  spherical,  or  some  shape  approaching  to  a  sphere. 

Taking  tor  granted  that  combination  takes  place  between  the 
atoms  of  bodies  only,  Mr.  Dalton  has  deduced,  from  the  relative 
Weights  in  which  bodies  unite,  the  relative  weights  of  their  ulti- 
mate particles,  or  atoms.  When  only  one  combination  of  any  two 
elementary  bodies  exists,  he  assumes,  unless  the  contrary  can  be 
proved,  that  its  elements  are  united  atom  to  atom  singly.  Combi- 
nations of  this  sort  he  calls  binary.  But,  if  several  compounds  can 
be  obtained  from  the  same  elements,  they  combine,  he  supposes, 
in  proportions  expressed  by  some  simple  multiple  of  the  number  of 
atoms.  The  following  table  exhibits  a  view  of  some  of  these  com- 
binations. 

1  atom  of  A  -f  1  atom  of  B  =  1  atom  of  C,  binary. 

1  atom   of  A  -f  2  atoms  of  B  =  1  atom  of  D,  ternary. 

2  atoms  of  A  +  1  atom   of  B  =  1  atom  of  E,  ternary. 

t  atom   of  A  +  3  atoms  of  B  =1  atom  of  F,  quaternary. 

3  atoms  of  A  +  1  atom   of  B  =  1  atom  of  G,  quaternary. 

A  different  classification  of  atoms  has  been  proposed  by  Berze- 
lius,  viz.  into,  Istly,  elementary  atoms  ;  2dly,  compound  atoms.  The 
compound  atoms  he  divides  again  into  three  different  species, name- 
ly, 1st,  atoms  formed  of  only  two  elementary  substances  united,  or 
compound  atoms  of  the  first  order:  2dly,  atoms  composed  of  more 
than  two  elementary  substances  ;  and  these,  as  they  are  only  found 
in  organic  bodies,  or  bodies  obtained  by  the  destruction  of  organic 
matter,  he  calls  organic  atoms:  3dly,  atoms  formed  by  the  union  of 
two  or  more  compound  atoms;  as  for  example,  the  salts;  these  he 
calls  compound  atoms  of  the  second  order. 

If  elementary  atoms  of  different  kinds  were  of  the  same  size, 
the  greatest  number  of  the  atoms  of  A  that  could  be  combined  with 

*  If  the  atoms  of  bodies  are  really  of  unequal  sizes,  is  it  not  evident  that  the 
larger  maybe  divided  (at  least  hypothetically),  so  as  not  to  exceed  the  smaller  in 
magnitude?  Would  it  not  seem  therefore  necessarily  to  follow,  thatthe  atoms  of 
different  bodies,  must  be  of  the  same  dimensions.   C. 
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an  atom  of  B  would  be  12 ;  for  thi>  is  the  greatest  number  of  spheri- 
cal bodies  that  can  be  arranged  in  contact  with  a  spnere  of  the  same 
diameter.  But  this  equality  of  size,  though  adopted  by  Berze- 
lius.  is  not  necessary  to  the  hypothesis  of  Mr.  Dalton ;  and  is,  indeed, 
supposed  by  him  not  to  exist. 

As  an  illustration  of  the  mode  in  which  the  weight  of  the  atoms 
of  bodies  is  determined,  let  us  suppose  that  any  two  elementary 
substances,  A  and  B,  form  a  binary  compound ;  and  that  they  have 
been  proved  experimentally  to  unite  in  the  proportion,  by  weight, 
of  5  of  the  former  to  4  of  the  latter;  then,  since,  according  to  the 
hypothesis,  they  unite  particle  to  particle,  those  numbers  will  ex- 
press the  relative  weights  ot  their  atoms.  But  besides  combining 
atom  to  atom  singly,  1  atom  of  A  may  combine  with  2  ot  B,  or 
with  3,  4,  &.c.  Or  1  atom  of  B  may  unite  with  2  ot  A,  or  with 
3,  4,  &C.  When  such  a  series  of  compounds  exists,  the  relative 
proportion  of  their  elements  ought  necessarily,  on  analysis,  to  be 
proved  to  be  5  of  A  to  4  ot  B;  or  5  to  (4  +  4  =  )  8;  or  5  to 
(  +4+4iz)  12  Sec;  or  contrariwise,  4  of  B  to  5  of  A ;  or  4  to 
(5  +  5—)  10;  or  4  to  (5-f5  +  5;z )  15.  Between  these  there 
ought  to  be  no  intermediate  compounds ;  and  the  existence  of  any 
such  (as  5  of  A  to  6  of  B,  or  4  of  B  to  7^  of  A)  would,  if  clear- 
ly established,  militate  against  the  hypothesis. 

To  verify  these  numbers,  it  may  be  proper  to  examine  the  com- 
binations of  A  and  B  with  some  third  substance,  for  example  with 
C.  Let  us  suppose  that  A  and  C  form  a  binary  compound,  in 
which  analysis  discovers  5  parts  of  A  and  3  of  C.  Then,  if  C  and 
B  are,  also,  capable  of  forming  a  binary  compound,  the  relative 
proportion  of  its  elements  ought  to  be  4  of  B  to  3  of  C  ;  for  these 
numbers  denote  the  relative  weights  of  their  atoms.  Now  this  is 
precisely  the  method,  by  which  Mr.  Dalton  has  deduced  the  rela- 
tive weights  of  oxygen,  hydrogen,  and  nitrogen  ;  the  two  first  from 
the  known  composition  of  water,  and  the  two  last  from  the  pro- 
portion of  the  elements  of  ammonia.  Extending  the  comparison 
to  a  variety  of  other  bodies,  he  has  obtained  a  scale  of  the  relative 
weights  of  their  atoms. 

In  several  instances,  additional  evidence  is  acquired  of  the  ac- 
curacy of  the  weight,  assigned  to  an  element,  by  our  obtaining  the 
same  number  from  the  investigation  of  several  of  its  compounds. 
For  example  : 

1.  In  water,  the  hydrogen  is  to  the  oxygen  as  1  to  7.5. 

2.  In  olejiant  gas,  the  hydrogen  is  to  the  carbon  as        1   to  5.65. 

3.  In  carbonic  oxide  the  oxygen  is  to  the  carbon  as       7.5  to  5.65. 

Whether,  therefore,  we  determine  the  weight  of  the  atom  of 
carbon,  from  the  proportion  in  which  it  combines  with  hydrogen, 
or  with  oxygen,  we  arrive  at  the  same  number  5.65  ;  an  agree- 
ment which,  at  it  occurs  in  various  other  instances,  can  scarcely  be 
an  accidental  coincidence.  In  a  similar  manner,  7.5  is  deducible, 
as  representing  the  atom  of  oxygen,  both  from  the  combination  of 
that  base  with  hydrogen  and  with  carbon  ;  and  1  is  inferred  to  be 
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the  relative  weight  of  the  atom  of  hydrogen  from  the  two  princi- 
pal compounds  into  which  it  enters. 

In  selecting  the  body,  which  should  be  assumed  as  unity,  Mr. 
Dalton  has  been  induced  to  fix  on  hydrogen,  because  it  is  that  body 
which  unitf  s  with  others  in  the  smallest  proportion.  Thus,  in  wa- 
ter, we  have  I  of  hydrogen  by  weight  to  7$  of  oxygen ;  in  ammo- 
nia, 1  of  hydrogen  to  5  of  nitrogen;  in  carburetted  hydrogen,  1  of 
hydrogen  to  5.65  of  carbon ;  and  in  sulphuretted  hydrogen,  1  of  hy- 
drogen to  15  of  sulphur.  Taking  for  granted  that  all  these  bodies 
are  hinary  compounds,  we  have  the  following  scale  of  numbers, 
expressive  of  the  relative  weights  of  the  atoms  of  their  elements. 

Hydrogen 1 

Oxygen 7.5 

Nitrogen 5.0? 

Carbon 5.65 

Sulphur 15  0 

Drs.  Wollaston  and  Thomson,  and  Professor  Berzelius,  on  the 
other  hand,  have  assumed  oxygen  as  the  decimal  unit,  chiefly  with 
a  view  to  facilitate  the  estimation  of  its  numerous  compounds  with 
other  bodies.  This,  perhaps,  is  to  be  regretted,  even  though  the 
change  may  be  in  some  respects  eligible,  because  it  is  extremely 
desirable  that  chemical  writers  should  employ  an  universal  standard 
of  comparison  for  the  weights  of  the  atoms  of  bodies.  It  is  easy, 
however,  to  reduce  their  numbers  to  Mr.  Dalton's  by  the  rule  of 
proportion.  Thus  as  10  (the  number  ot  Drs.  Wollaston  and 
Thomson  for  oxygen)  is  to  1.32  (their  number  for  hydrogen)  so 
very  nearly  is  7.5  (Mr.  Dalton's  number  for  oxygen)  to  1  (his  num- 
ber for  hydrogen). 

Sir  H  Davy  has  assumed,  with  Mr.  Dalton,  the  atom  of  hydro- 
gen as  unity  ;*  but  that  philosopher,  and  Berzelius  also,  have  mo- 
dified the  theory,  by  taking  for  granted  that  water  is  a  compound 
of  one  proportion  (atom)  of  oxygen,  and  two  proportions  (atoms) 
of  hydrogen.  This  is  founded  on  the.  supposition,  that  equal  mea- 
sures of  different  gases  contain  equal  numbers  of  atoms  ;  and  on 

*  The  Atomic  Theory,  although  highly  ingenious,  and  in  all  probability  cor- 
rect in  its  general  outlines,  is  however  as  yet,  not  sufficiently  matured,  to  ena- 
ble us  fully  to  found  our  speculations  thereon.  And  the  difficulties  of  the  sub- 
ject are  by  no  means  lessened  to  the  student,  by  finding  some  of  the  principal 
chemists  of  the  day  assuming  oxygen  as  the  decimal  unit  for  their  estimations 
of  its  compounds;  whilst  others  of  equal  celebrity  hive  fixed  on  hydrogen  for 
the  same  intention ;  the  difficulty  is  still  further  increased  by  their  different 
sentiments,  as  to  the  number  of  atoms  in  which  the  above  two  bodies  combine 
to  form  water.  I  should  myself  consider  hydrogen  as  the  most  appropriate 
decimal  unit,  because  it  is  the  lightest  of  substances  which  we  can  appreciate 
by  weight;  and  I  should  conclude,  that  since  oxygen  and  hydrogen  have 
no  other  known  combination  than  as  water,  that  such  union  is  by  an  atom 
of  each,  since  that  is  the  smallest  possible  proportion  in  which  they  can  unite. 
For  the  most  complete  exposition  of  the  doctrine  of  definite  proportions,  and  of  the 
Atomic  Theory,  the  reader  is  referred  to  the  papers  of  Dr.  Thomson  in  his 
Annals  of  Philosophy.  I  cannot  however  doubt,  that  they  will  be  greatly  modi- 
fied, before  they  can  be  considered  as  approximaung  to  perfection. C. 
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the fact,  that  two  measures  of  hydrogen  gas  and  one  of  oxygen 
gas,  are  necessary  to  form  water.  And  as,  in  water,  tne  hydrogen 
is  to  the  oxygen  by  weight  as  1  to  7.5,  two  atoms  of  hydrogen  must, 
on  this  hypothesis,  weigh  1,  and  one  atom  of  oxygen  7.5,  or  if  we 
denote  the  atom  of  hydrogen  by  1,  we  must  express  that  of  oxy- 
gen by  15.  It  is  objectionable,  however,  to  this  modification  of  the 
atomic  theory,  that  it  contradicts  a  fundamental  proposition  of  Mr. 
Dalton,  the  consistency  of  which  with  mechanical  principles  he  has 
fully  shown;  namely,  that  when  one  combination  only  of  two  ele- 
ments txists,  it  must  be  presumed,  unless  the  contrary  can  be 
proved,  to  be  a  binary  one. 

It  is  easy  to  determine,  in  the  manner  already  explained,  the  re- 
lative weights  of  the  atoms  of  two  elementary  bodies,  which  unite 
only  in  one  proportion  But  when  one  body  unites,  in  different, 
proportions,  with  another,  it  is  necessary,  in  order  to  ascertain  the 
weight  of  its  atom,  that  we  should  know  the  smallest  proportion  in 
which  the  former  combines  with  the  latter.  Thus,  if  we  have  a 
body  A,  100  parts  of  which  by  weight  combine  with  not  less  than 
30  of  oxygen,  the  relative  weight  of  its  atom  will  be  to  that  of 
oxygen  as  100  to  30;  or,  reducing  these  numbers  to  their  lowest 
teims,  as  25  to  7.5  ;  and  the  number  25  will,  therefore  express  the 
relative  weight  of  the  atom  of  A.  But  if,  in  the  progress  of  sci- 
ence, it  should  be  found,  that  100  parts  of  A  are  capable  of  uniting 
with  15  parts  of  oxygen,  then  the  relative  weight  of  the  atom  of  A 
must  be  doubled,  for,  as  100  to  15,  so  is  50  to  7.5.  This  example 
will  serve  to  explain  the  changes  that  have  been  made,  in  assign- 
ing the  weights  of  the  atoms  of  certain  bodies;  changes,  which,  it 
may  be  observed,  always  consist  either  in  a  multiplication,  or  divi- 
sion, of  the  original  weight,  by  some  simple  number. 

There  are  (it  must  be  confessed)  a  few  cases,  in  which  one  body 
combines  with  another  in  different  proportions;  and  yet  the  great- 
er proportions  are  not  multiples  of  the  less,  by  any  entire  number. 
For  example,  we  have  two  oxides  of  iron,  the  first  of  which  consists 
of  100  iron  and  about  30  oxygen  ;  the  second  of  100  iron  and  about  45 
oxygen.  But  the  numbers  3r»and  45  are  toeachotheras  ltol§.  It  will, 
however,  render  these  numbers  (1  and  \  $)  consistent  with  the  law 
of  simple  multiples,  if  we  multiply  each  of  them  by  2,  which  will 
change  them  to  2  and  3;  and  if  we  suppose  that  there  is  an  oxide 
of  iron  (though  it  has  not  yet  been  obtained  experimentally),  con- 
sisting of  100  iron  and  15  oxygen;  for  the  multiplication  of  this 
last  number  by  2  and  3,  will  then  give  us  the  known  oxides  of 
iron. 

In  some  cases,  where  we  have  the  apparent  anomaly  of  1  atom 
of  one  substance,  united  with  1  $  of  another,  it  has  been  proposed, 
by  Dr.  Thomson*,  to  remove  the  difficulty,  by  multiplying  both 
numbers  by  2;  and  by  assuming:  that,  in  such  compounds,  we  have 
2  atoms  of  the  one  combined  witr.  3  atoms  of  the  other.  Such 
combinations,  it  is  true,  are  exceptions  to  a  law  deduced  by  Ber- 
zelius  ;  (hat,  in  all  inorganic  compounds,  one  of  the  constituents  is  in 

*  Thomson's  Annals,  v.  187. 
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the  state  of  a  single  atom.  But  they  are  in  no  respect  inconsistent 
with  the  views  ot  Mr.  Dalton  ;  and  are,  indeed  expressly  admitted 
by  him  to  be  compatible  with  his  hypothesis,  as  well  as  confirmed 
by  experience.* 

Several  objections  have  been  proposed  to  the  theory  of  Mr. 
Dalion  ;  but,  of  these,  I  shall  notice  only  the  most  important. 

1.  It  has  been  contended,  that  we  have  no  evidence  when  one 
combination  only  of  two  elements  exist,  that  it  must  be  a  binary 
one ;  and  that  we  might  equally  well  suppose  it  to  be  a  compound 
of  two  atoms  of  the  one  bouy,  with  one  atom  of  the  other.  In  an- 
swer to  this  objection,  we  may  urge  the  probability  that  when  two 
elementary  bodies  A  and  B  unite,  the  most  energetic  combination 
will  be  that  in  which  one  atom  of  A  is  combined  with  one  atom  of 
B ;  for  an  additional  atom  of  B  will  introduce  a  new  force,  dimin- 
ishing the  attraction  of  those  elements  for  each  other,  namely,  the 
mutual  repulsion  of  the  atoms  of  B ;  and  this  repulsion  will  be 
the  greater,  in  proportion  as  we  increase  the  number  of  the  atoms 
of  B. 

2dly.  It  has  been  said,  that,  when  more  than  one  compound  of 
two  elements  exist,  we  have  no  proof  which  of  them  is  the  binary 
compound,  and  which  the  ternary ;  for  example,  that  we  might 
suppose  carbonic  acid  to  be  a  compound  of  an  atom  of  charcoal 
and  an  atom  of  oxygen,  and  carbonic  oxide  to  be  a  compound  of 
an  atom  of  oxygen  with  two  atoms  of  charcoal.  To  this  objection, 
however,  it  is  a  satisfactory  answer,  that  such  a  constitution  of  car- 
bonic acid  and  carbonic  oxide  would  be  directly  contradictory  of  a 
law  of  chemical  combination,  namely,  that  it  is  attendant,  in  most 
cases,  with  an  increase  of  specific  gravity.  It  would  be  absurd, 
therefore,  to  suppose  carbonic  acid,  which  is  the  heavier  body,  to 
be  only  once  compounded,  and  carbonic  oxide,  which  is  the  lighter, 
to  be  twice  compounded.  Moreover,  it  is  universally  observed, 
that  of  chemical  compounds,  the  most  simple  are  the  most  diffi- 
cult to  be  decomposed  ;  and  this  being  the  case  with  carbonic 
oxide,  we  may  naturally  suppose  it  to  be  more  simple  than  car- 
bonic acid. 

3dly.  It  has  been  remarked,  that  instead  of  supposing  water  to 
consist  of  an  atom  of  oxygen  united  with  an  atom  of  hydrogen, 
and  that  the  atom  of  the  former  is  7h  times  heavier  than  that  of 
the  latter,  we  might,  with  equal  probability,  conclude  that,  in  water, 
we  have  74  times  more  atoms  of  oxygen  than  of  hydrogen.  But 
this,  if  admitted,  would  involve  the  absurdity,  that  in  a  mixture  of 
hydrogen  and  oxygen  gases,  so  contrived  that  the  ultimate  atoms 
of  each  should  be  in  equal  number,  seven  atoms  of  oxvgen  should 
desert  all  the  proximate  atoms  of  hydrogen,  in  order  to  unite  with 
one  at  a  distance,  for  which  they  must  necessarily  have  a  less  af- 
finity In  this  case,  a  less  force  must  overcome  a  greater;  and, 
finally,  only  a  small  number  of  the  atoms  of  hydrogen  would  be 
engaged  by  the  atoms  of  oxygen,  the  rest  remaining  in  a  state  of 
freedom. 

*  Thomson's  Annals,  iii.  174 
D 
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It  would  be  claiming  too  much,  however,  for  the  theory  of  Mr. 
Dalton  to  assert  that,  in  hs  present  stale,  it  is  to  be  considered  as 
fully  established  in  all  its  details.  In  the  further  progress  of  chemical 
discovery,  it  is  probable  that  it  will  receive  considerable  modifications, 
and  that  the  relative  weights  of  the  atoms  of  bodies  will,  in  many 
cases,  be  essentially  changed.  The  instances,  in  which  the  theory 
agrees  with  the  results  of  analysis,  are  already  too  numerous  to  allow 
them  to  be  considered  as  accidental  coincidences ;  and  no  phenomena 
have  hitherto  been  shewn  to  be  irreconcilable  with  the  hypothe- 
sis. Its  value  and  importance,  if  confirmed  by  the  accession  of 
new  facts,  will  be  scarcely  less  felt  as  a  guide  to  further  investi- 
gations into  the  constitution  of  bodies,  than  as  a  t<  st  of  the  accu- 
racy of  our  present  knowledge  ;  and  the  universality  of  its  appli- 
cation to  chemical  phenomena  will  be  scarcely  inferior  to  that  of 
the  law  of  gravitation  in  explaining  the  facts  of  natural  philosophy. 

A  modification  of  the  law  of  definite  proportions,  so  far  as  re- 
spei  ts  i  eriform  bodies,  has  been  proposed  by  Gay  Lussac,  namely, 
that  tney  combine  in  proportions  determinable  not  by  weight,  but 
by  volume,  the  ratios  beiii£  1  measure  of  A  tu  1  of  B,  or  1  to  2,  or 
1  to  3.  &c.  Water,  for  example,  results  from  the  union  of  two 
volumes  of  hydrogen  with  one  of  oxygen  ;  muriate  of  ammonia 
from  1  volume  of  muriatic  acid  gas  -f-  1  of  ammonia;  nitrous  gas 
from  1  measure  of  oxygen  -f  1  of  nitrogen;  nitrous  oxide 
from  1  oxygen  -f-  2  nitrogen  ;  nitrous  acid  from  2  oxygen  -f  1 
nitrogen.  In  some  instances,  as  in  that  of  water,  this  law  is 
not  inconsistent  with  the  atomic  theory ;  but  in  other  instan- 
ces it  cannot  be  reconciled  with  the  relative  weights  assigned  to 
the  atoms  of  certain  elementary  bodies.  In  nitrous  gas,  for  ex- 
ample, which  Mr.  Dalton  conceives  to  be  formed  by  the  union  of 
1  atom  of  oxygen  +  1  atom  of  nitrogen,  equal  volumes  of  those 
gases  would  give  for  the  relative  weights  of  oxygen  and  nitrop-en, 
numbers  very  different  from  those  derived  by  other  methods.  The 
two  hypothesis  of  atoms  and  of  volumes  cannot,  therefore,  both  be 
true  ;  and  from  some  well  ascertained  exceptions  to  the  latter,  it  ap- 
pears to  me  that  the  theory  of  volumes  will  scarcely  be  found  tenable. 

Before  dismissing  the  consideration  of  the  proportions  in  which 
bodies  combine,  it  will  be  proper  to  notice  a  few  general  princi- 
ples, which,  though  they  are  connected  with  the  atomic  theory, 
have  been  derived  from  experience. 

1.  When  we  have  ascertained  the  proportion  in  which  any  two 
or  more  bodies  ABC  &c.  of  one  class  neutralize  another  body  X 
of  a  different  class,  it  will  be  found  that  the  same  relative  propor- 


jf  potash, 

and  since  100  of  sulphuric  acid  neutralize  71  of  lime,  we  may- 
infer  that  68  of  muriatic  acid  will  neutralize  the  same  quantity  (71) 
of  lime.  The  great  importance  of  this  law  will  readily  be  per- 
ceived, not  only  as  it  enables  us  to  anticipate,  but  also  to  correct 
the  results  of  analysis. 

2dly.  If  the  quantities  of  two  bodies,  A  and  B;  that  are  neces- 
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sary  to  saturate  a  given  weight  of  a  third  body,  be  represented  by 
q  and  r,  these  quantities  may  be  called  equivalents.  Tnus,  in  the 
example  above  cited,  100  parts  of  sulphuric  acid  and  68  ot  muria- 
tic acid,  are  equivalents  of  each  other.  A  Table  of  Equivalents, 
which  will  be  tound  extremely  useful  in  various  calculations,  will 
be  given  in  the  Appendix.  By  adapting  a  table  of  this  sort  to  a 
moveable  scare,  on  the  principle  ot  Gunter's  sliding  rule,  Dr.  Wol- 
laaton  has  lately  constructed  an  instrument,  called  the  Logometric 
Scale  of  Chemical  Equivalents,  which  is  capable  of  solving,  with 
great  lacility,  a  number  of  problems,  interesting  both  to  the  scien- 
tific and  practical  chemist*. 


SECTION.  IV. 

Of  Elective  Affinity. 

An  important  law  of  affinity,  which  is  the  basis  of  almost  all 
chemical  theory,  is,  that  one  body  has  not  the  same  force  of  affi- 
nity towards  a  number  of  others,  but  attracts  them  unequally. 
Thus  A  will  combine  with  B  in  preference  to  C,  even  when  these 
two  bodies  are  presented  to  it  under  equally  favourable  circum- 
stances. Or,  when  A  is  united  with  C,  the  application  of  B  will 
detach  A  from  C,  and  we  shall  have  a  new  compound  consisting 
of  A  and  B  C  being  set  at  liberty.  Such  cases  are  examples  of 
•what  is  termed  in  chemistry  simple  decomposition,  by  which  it  is  to 
be  understood  that  a  body  acts  upon  a  compound  of  two  ingre- 
dients, and  unites  with  one  of  its  constituents,  leaving  the  other  at 
liberty.  And  as  the  forces  of  affinity  of  one  body  to  a  numl  er  of 
others  vary,  this  body  has  been  metaphorically  represented  as  mak- 
ing an  election;  and  the  affinity  has  been  called  single  elective 
affinity.  Thus  if  to  the  muriate  of  lime,  consisting  of  lime  and 
muriatic  acid,  we  add  potash,  the  muriatic  acid  exerts  a  stronger 
elective  affinity  for  the  potash  than  for  the  lime;  and  the  lime  falls 
down  in  the  state  of  a  powder,  oris  precipitated.  Of  facts  of  this 
kind  a  great  variety  have  been  comprehended  in  the  form  of  tables, 
the  first -idea  of  which  seems  to  have  occurred  nearly  a  century 
ago,  to  Geoffrey,  a  French  chemist.  The  substance  whose  af- 
finities are  to  be  expressed,  is  placed  at  the  head  of  a  column,  and 
is  separated  from  the  rest  by  a  horizontal  line.  Beneath  this  line 
are  arranged  the  bodies,  with  which  it  is  capable  of  combining,  in 
the  order  of  their  respectice  forces  of  affinity  ;  the  substance  which 
it  attracts  most  strongly  being  placed  nearest  to  it,  and  that,  for 
which  it  has  the  least  affinity,  at  the  bottom  of  the  column.  The 
affinities  of  muriatic  acid,  for  example,  are  exhibited  by  the  fol- 
lowing plan:— 

•  This  scale,  with  its  explanation,  will  be  found  at  the  end  of  the  volume. 
See  plate  11.  C. 
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MURIATIC  ACID. 

Barytes, 

Potash, 

Soda, 

Lime, 

Ammonia, 

Magnesia, 

&c.  Sec 


Simple  decompositions  may  be  expressed  also  by  another  form, 
contrived  by  Bergman.  Thus  the  following  scheme  illustrates  the 
decomposition  of  muriate  of  lime  by  potash : — 


Muriate  of  Potash. 


Muriat  AMuriaticacid.  Potash, 

of       <  Water  at  60°. 

Lime.  /     Lime. 


— v — 
Lime. 


The  original  compound  (muriate  of  lime)  is  placed  on  the  out- 
side and  to  the  left  of  the  vertical  bracket.  The  included  space 
contains  the  original  principles  of  the  compound,  and  also  the  body 
which  is  added  to  produce  decomposition.  Above  and  below  the 
horizontal  lines  are  placed  the  results  of  the  action.  The  point  of 
the  lower  horizontal  line  being  turned  downwards,  denotes  that  the 
lime  falls  down  or  is  precipitated  ;  and  the  upper  line,  being  per- 
fectly straight,  shows  that  the  muriate  of  potash  remains  in  solu- 
tion. If  both  the  bodies  had  remained  in  solution,  they  would  both 
have  been  placed  above  the  upper  line  ;  or,  if  both  had  been  precipi- 
tated, beneath  the  lower  one.  If  either  one  or  both  had  escaped  in 
a  volatile  form,  this  would  have  been  expressed  by  placing  the 
volatilized  substance  above  the  diagram,  and  turning  upwards  the 
middle  of  the  upper  horizontal  line.  But  since  decompositions  vary 
under  different  circumstances,  it  is  necessary  to  denote,  by  the  pro- 
per addition  to  the  scheme,  that  the  bodies  are  dissolved  in  water 
of  the  temperature  of  60°. 

No  chemical  facts  can  appear,  on  first  view,  more  simple  or  in- 
telligible, than  those  which  are  explained  by  the  operation  of  sin- 
gle elective  affinity.  It  will  be  found,  however,  on  a  more  minute 
examination,  that  this  force,  abstractedly  considered,  is  only  one  of 
several  causes  which  are  concerned  in  chemical  decompositions, 
and  that  its  action  18  modified,  and  sometimes  even  subverted,  by 
counteracting  forces. 
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SECTION  V. 

Of  the  Causes  which  modify  the  Action  of  Chemical  Affinity. 

The  order  of  decomposition  is  not,  as  might  be  inferred  from  the 
law  ot  elective  affinity,  invariable;  but,  in  certain  cases,  may  even 
be  reversed.  Thus  though  A  may  attract  B  more  strongly  than 
either  A  or  B  is  attracted  by  C,  yet,  under  some  circumstances,  C 
may  be  employed  to  decompose  partially  the  compound  A  B.  Again, 
if  we  mix  together  A  B  and  C,  using  the  two  first  in  the  propor- 
tions required  to  neutralize  each  other,  it  will  be  found  that  A  and 
B  have  not  combined  to  the  exclusion  of  C,  but  that  we  have  a  com- 
pound of  B  with  A,  and  another  of  B  with  C,  in  proportions  regu- 
lated by  the  quantities  of  A  and  C,  which  have  been  employed. 
Facts  of  this  kind  have  been  long  known  to  chemists.  It  had  been 
ascertained,  for  example,  before  the  time  of  Bergman,  that  sul- 
phate of  potash,  a  salt  composed  of  sulphuric  acid  and  potash,  is 
partly  decompounded  by  nitric  acid,  although  the  niixic  has  a  weaker 
affinity  than  the  sulphuric  acid  for  that  alkali.  Examples  of  the 
same  kind  have  since  been  multiplied  by  Berthollet,  who  has  as- 
serted that  in  the  following,  as  well  as  in  other  cases,  a  substance 
possessing  a  weaker  attraction,  displaces  another  having  a  stronger, 
for  a  third  bo*.y*  : 

1.  Potash  separates  sulphuric  acid  from  barytes 

2.  Lime  separates  sulphuric  acid  from  potash. 
3    Potash  separates  oxalic  acid  from  lime. 

4.  Nitric  acid  separates  lime  from  oxalic  acid. 

5.  Potash  separates  phosphoric  acid  from  lime. 

6.  Potash  separates  carbonic  acid  from  lime. 

7.  Soda  separates  sulphuric  acid  from  potash. 

These  facts,  and  a  variety  of  similar  ones,  are  to  be  explain- 
ed, according  to  the  views  of  Berthollet,  on  the  following  prin- 
ciples : — 

1.  When  two  substances  are  opposed  to  each  other  with  respect 
to  a  third,  as  in  the  foregoing  examples,  they  may  be  considered  as 
antagonist  forces;  and  they  share  the  third  b<  dy  between  them  in 
proportion  to  the  intensity  of  their  action.  But  this  intensity,  accord- 
ing to  Berthollet,  depends  not  only  on  the  energy  of  the  affinities, 
but  on  the  quantities  of  the  two  bodies  opposed  to  each  other. 
Hence  a  larger  quantity  of  one  of  the  substances  may  compensate  a 
weaker  affinity,  and  the  reverse  To  the  absolute  weight  of  a  body, 
multiplied  by  the  degree  of  its  affinity,  he  has  given  the  name  of 
mass,  a  term  in  some  degree  objectionable  from  the  different  mean- 
ing which  is  affixed  to  it  in  mechanical  philosophy.     As  an  illustra- 

*  In  each  of  the  examples  given  in  the  Table,  the  bodv,  first  mentioned,  de- 
composes a  compound  of  the  second  and  third,  although  its  attraction  for  the 
second  is  inferior  to  that  of  the  third. 


30  CHEMICAL    AFFINITY,  &C  CHAF.  Hi 

tion,  let  us  suppose  (what  is  not  accurate  in  point  of  fact)  that  the 
affinity  of  barytes  for  muriatic  acid  is  twice  as  strong  as  that  of  pot- 
ash, or  that  these  affinities  are  respectively  denoted  by  the  num- 
bers 4  and  2.  In  this  case  the  same  mass  will  result  from  4  parts 
of  barytes  as  from  8  of  potash  ;  because  the  same  product  (16)  is 
obtained  in  each  instance,  by  multiplying  the  number  indicating  the 
affinity  into  that  denoting  the  quantity ;  for  4,  (the  affinity  of  barytes) 
multiplied  by  4,  (the  quantity  assumed  in  this  example)  is  equal  to 
16;  and  2  (the  affinity  of  potash)  multiplied  by  8  (its  quantity)  is 
also  equal  to  1 6.  In  this  case,  therefore,  to  divide  equally  a  portion 
of  muriatic  acid  between  barytes  and  potash,  these  bodies 
should  be  employed  in  the  proportion  of  2  of  the  former  to  4  of 
the  latter. 

The  influence  of  quantity  explains  also  the  difficulty  which  is  ob- 
served in  effecting,  in  any  instance,  the  total  decompositon  of  a 
compound  of  two  principles  by  means  of  a  third.  The  immediate 
effect  of  a  third  body  C,  when  added  to  a  compound  A  B,  is  to  ab- 
stract from  B  a  portion  of  the  substance  A  ;  and  consequently  a  por- 
tion of  B  is  set  at  liberty,  the  attraction  of  which  for  A  is  opposed 
to  that  of  the  uncombined  part  of  C.  The  farther  this  decomposi- 
tion is  carried,  the  greater  will  be  the  proportion  of  B,  which  is 
brought  into  an  uncombined  state;  and  the  more  powerfully  will  it 
oppose  any  further  tendency  of  C  to  detach  the  substance  A.  At  a 
certain  point,  the  affinities  of  B  and  C  for  A  will  be  exactly  balanced, 
and  the  decomposition  will  proceed  no  farther.  In  a  few  cases  it  is 
acknowledged  by  Berthollet,  a  third  body  separates  the  whole  of  one 
of  the  principles  of  a  compound ;  but  this  he  supposes  to  happen  in 
consequence  of  the  agency  of  other  extraneous  forces,  the  nature 
of  which  remains  to  be  pointed  out. 

2dly.  Cohesion  is  a  force,  the  influence  of  which  over  the  chemical 
union  of  bodies  has  already  been  explained  in  a  former  section; 
and  other  illustrations  of  its  interference  will  be  given,  when 
we  consider  the  subject  of  the  limitations  to  chemical  com- 
bination. 

3dly.  Insolubility  is  another  force,  which  essentially  modifies 
the  exertion  of  affinity.  It  is  to  be  considered,  indeed,  merely  as 
the  result  of  cohesion,  with  respect  to  the  liquid  in  which  the  effect 
takes  place. 

When  a  soluble  substance  and  an  insoluble  one  are  presented, 
at  the  same  time,  to  a  third,  for  which  they  have  nearly  an  equal 
affinity,  the  soluble  body  is  brought  into  the  sphere  of  action  with 
great  advantages  over  its  antagonist.  Its  cohesion  at  the  outset 
is  but  little,  and  by  solution  is  reduced  almost  to  nothing;  while 
that  of  the  insoluble  body  remains  the  same.  The  whole  of  the 
soluble  substance  also  exerts  its  affinity  at  once ;  while  a  part  only  of 
the  insoluble  one  can  oppose  its  force.  Hence  the  soluble  substance 
may  prevail,  and  may  attach  to  itself  the  greatest  proportion  of  the 
third  body,  even  though  it  has  a  weaker  affinity  than  the  insoluble 
one  to  the  subject  of  combination. 

Insolubility,  however,  under  certain  circumstances,  is  a  force 
which  turns  the  balance  in  favour  of  the  affinity  of  one  body  when 
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opposed  to  the  affinity  of  another.  For  example,  if  to  the  soluble 
compound,  sulphate  of  soda,  we  add  barytes,  the  new  compound, 
sulphate  of  barytes,  is  precipitated  the  instant  it  is  formed ;  and 
being  removed  from  the  sphere  of  action,  the  soda  can  exert 
no  effect  upon  it  by  its  greater  quantity  or  mass.  For  the  same 
reason,  when  soda  is  added  to  sulphate  of  barytes,  the  sulphate 
is  protected  from  decomposition  both  by  its  insolubility  and  by  its 
cohesion. 

These  facts  sufficiently  prove  that  the  order  of  precipitation, 
which  was  formerly  assumed  as  the  basis  of  tables  of  elective 
affinity,  can  no  longer  be  considered  as  an  accurate  measure  of  that 
force;  and  that  the  body,  which  is  precipitated,  may,  in  some  cases, 
be  superior  in  affinity  to  the  one  which  has  caused  precipita- 
tion. In  these  cases,  a  trifling  superiority  in  affinity  may  be 
more  than  counterbalanced  by  the  cohesive  force,  which  causes  in- 
solubility. 

4thly.  Great  specific  gravity  is  a  force,  which  must  concur  with 
insolubility  or  cohesion  in  originally  impeding  combination  ;  and 
when  chemical  union  has  taken  place,  it  must  come  in  aid  of  affinity, 
by  removing  the  new  compound  from  the  sphere  of  action.  It  is 
scarcely  necessary  to  enlarge  on  the  operation  of  a  force,  the  nature 
of  which  must  be  so  obvious. 

5thly.  Elasticity.  Cohesion,  it  has  already  been  staled,  may 
prove  an  impediment  to  combination;  and,  on  the  other  hand,  it  is 
possible  that  the  particles  of  bodies  may  be  separated  so  widely,  as 
to  be  removed  out  of  the  sphere  of  their  mutual  attraction.  Such 
appears  to  be  the  fact  with  regard  to  a  class  of  bodies  called  airs  or 
gases.  The  bases  of  several  of  these  have  powerful  attractions  for 
the  bases  of  others,  and  for  various  liquids,  and  yet  they  do  not 
combine  on  simple  admixture,  but  strong  mechanical  pressure 
bring  their  particles  sufficiently  near,  to  be  within  the.  influ- 
ence of  their  mutual  attraction,  and  combination  immediately 
ensues. 

Again  if  two  bodies,  one  of  which  has  an  elastic  and  the  other  a 
liquid  form,  be  presented  at  the  same  time  to  a  solid,  for  which 
they  have  both  an  affinity,  the  solid  will  unite  with  the  liquid  in 
preference  to  the  gas.  Or  if  we  add  to  the  compound  of  an  elastic 
substance  with  an  inelastic  one,  a  third  body  also  inelastic,  the  two 
latter  combine  to  the  exclusion  of  the  clastic  body.  For  example, 
if  to  the  compound  of  potash  and  carbonic  acid  we  add  sulphuric 
acid,  the  latter  acid,  acting  both  by  its  affinity  and  its  quantity,  dis- 
engages a  portion  of  carbonic  acid.  This,  by  its  elasticity,  is  re- 
moved from  the  sphere  of  action,  and  presents  no  obstacle  to  the 
further  operation  of  the  sulphuric  acid.  Hence  elastic  bodies  act 
only  by  their  affinity  ;  whereas  liquids  act  both  by  their  affinity  and 
quantity  conjoined.  And  though  the  affinity  of  the  liquid,  abstract- 
edly considered,  may  be  inferior  to  the  affinity  of  the  elastic  body, 
yet,  united  with  quantity,  it  prevails.  In  the  above  instances, 
the  whole  of  the  elastic  acid  may  be  expelled  by  the  fixed  acid; 
whereas,  as  it  has  already  been  observed,  decomposition  is  incom- 
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plete,  if  the  substance  which  is  liberated  remain  within  the  sphere 
of  action. 

6thly.  Efflorescence  is  a  circumstance  which  occasionally  influ- 
ences the  exertion  of  affinity  ;  but  this  is  only  of  very  rare  occur- 
rence The  simplest  example  of  it  is  that  of  lime,  and  muriate  of 
soda.  When  a  paste  composed  of  these  two  substances  with  a  great 
excess  of  lime,  is  exposed,  in  a  moist  state,  to  the  air,  the  lime, 
aciing  by  its  quantity,  disengages  soda  from  the  common  salt,  which 
apptars  in  a  dry  form,  on  the  outer  surface  of  the  paste,  united  with 
carbonic  acid  absorbed  from  the  atmosphere.  In  this  case  the  soda, 
which  is  separated,  being  removed  from  contiguity  with  the  interior 
part  of  the  mass,  presents  no  obstacle  to  the  farther  action  of  the 
lime,  and  the  decomposition  is  carried  farther  than  it  would  have 
been,  had  no  such  removal  happened. 

6thly  The  influence  of  temperature  over  chemical  affinity  is  ex- 
tremely extensive  and  important;  but  at  present  a  very  general 
statement  only  of  its  effects  is  required.  In  some  cases  an  in- 
creased temperature  acts  in  promoting,  and  at  others  in  impeding, 
chemical  combination :  and  it  materially  affects  also  the  order  of 
decompositions. 

An  increased  temperature  promotes  chemical  union  by  diminish- 
ing or  overcoming  cohesion.  Thus  metals  unite  by  fusion,  and  se- 
veral salts  are  more  soluble  in  hot  than  in  cold  water.  Whenever 
heat  is  an  obstacle  to  combination,  it  produces  its  effect  by  increas- 
ing elasticity.  Hence  water  absorbs  a  less  proportion  of  i*as  at  a 
high  than  at  a  low  temperature.  A  reduction  of  the  temperature 
of  elastic  bodies,  by  lessening  their  elasticity,  facilitates  their  union 
with  other  substances.  In  certain  cases,  an  increased  temperature 
has  the  combined  effects  of  diminishing  cohesion  and  increasing 
elasticity.  When  sulphur  is  exposed  to  oxygen  gas,  no  combination 
ensues,  until  the  sulphur  is  heated  ;  and  though  the  elasticity  of  the 
gas  is  thus  increased,  yet  the  diminution  of  cohesion  is  more  than 
proportionate,  and  chemical  union  ensues  between  the  two  bodies. 

Sthly.  The  electrical  state  of  bodies  has  a  most  important  influ- 
ence over  their  chemical  union.  This,  however,  is  a  subject,  of 
which  it  would  be  difficult  to  offer  a  general  view,  and  for  its  full 
development,  I  refer  to  a  subsequent  chapter  on  Electro-chemistry. 

Qthly.  Mechanical  pressure  is  another  force,  which  has  considera- 
ble influence  over  chemical  affinity.  With  respect  to  solid  bodies, 
its  agency  is  not  frequent ;  but  we  have  unequivocal  examples  of 
its  operation  in  cases,  where  detonation  is  produced  by  concussion. 
The  effects  of  pressure  are  chiefly  manifested,  in  producing  the 
combination  of  aeriform  bodies  either  with  solids,  with  liquids,  or 
with  each  other;  and  in  preserving  combinations,  which  have  been 
already  formed,  under  circumstances  tending  to  disunite  them. 
Chalk,  for  example,  is  a  compound  of  lime  and  carbonic  acid  ; 
and  these  bodies,  by  the  simple  application  of  an  intense  heat,  are 
separable  from  each  other  ;  but,  under  strong  pressure,  a  heat  may 
be  applied  sufficient  to  melt  the  chalk,  without  expelling  the  car- 
bonic acid.     It  is   this  principle  (of  the  influence  of  pressure  in 
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opposing  chemical  decomposition),  that  is  the  foundation  of  Dr. 
Hutton's  ingenious  Theory  of  the  Eartn. 

Such  are  the  most  important  circumstances,  that  modify  the  ex- 
ertion of  chemical  affinity.  Of  their  influence,  sufficient  illustra- 
tions have  been  given  to  prove,  that  in  every  case  of  combination 
and  decomposition,  we  are  not  to  consider  the  force  of  affinity  ab- 
stractedly ;  but  are  to  take  into  account  the  agency  of  other  pow- 
ers, as  cohesion,  quantity,  insolubility,  elasticity,  efflorescence,  and 
temperature.  By  the  action  of  these  extraneous  powers,  Berthollet 
has  endeavoured  to  explain  certain  facts  which  are  not  easily  un- 
derstood on  any  other  principle.  Of  these  the  most  important  are, 
lstly,  the  establishment  of  proportions  in  chemical  compounds; 
and  2dly,  the  modification  produced  in  the  affinities  of  bodies  by 
chemical  union. 

1.  Independently  of  these  extraneous  forces,  Berthollet  ima- 
gines thai  there  are  no  limits  to  combination,  or  that  two  bodies, 
which  are  now  susceptible  of  union  only  in  one  or  in  few  propor- 
tions, might,  if  these  forces  were  annihilated,  be  united  in  every 
proportion.  The  causes  which  he  has  assigned,  as  chiefly  regulat- 
ing proportion,  are  cohesion  and  elasticity.  To  take  one  of  the 
simplest  cases,  the  proportion,  in  which  a  salt  can  be  combined 
witli  water,  depends  on  the  balance  between  the  chemical  affinity 
ol  the  bodies  for  each  other,  and  the  cohesive  attraction  of  the 
salt.  In  this  case,  then,  cohesion  is  the  limiting  power.  As  an 
example  of  the  influence  of  this  force  when  more  energetic  affini- 
ties are  exerted,  if  we  add  to  diluted  sulphuric  acid  a  solution  of 
barytes,  a  compound  is  formed,  consisting  of  sulphuric  acid  and 
barytes,  which,  in  consequence  of  its  great  insolubility  or  cohesion, 
is  instantly  removed  from  contact  with  the  redundant  acid,  and  with 
established  proportions. 

The  agency  of  elasticity  in  limiting  proportion,  may  be  exem- 
plified by  the  combination  of  hydrogen  and  oxygen.  If  a  mixture 
of  the  two  gases  he  inflamed,  the  new  compound,  water,  is  imme- 
diately separated,  from  what  is  superfluous  of  both  ingredients,  by 
its  superior  density.  In  other  instances  the  bases  of  aerilorm  sub- 
stances are  combined  in  various  proportions,  and  in  such  examples, 
there  are  several  terms  of  greatest  condensation,  as  in  the  case  of 
oxygen  and  nitrogen. 

2.  Another  important  part  of  the  theory  of  Berthollet  is,  that  the 
affinities  of  a  compound  are  not  newly  acquired  ;  but  are  merely  the 
modified  affinities  of  its  constituents,  the  action  ol  which,  in  their 
separate  state,  was  counteracted  by  the  prevalence  of  opposing 
forces.  By  combination,  these  forces  are  so  far  overcome,  that  the 
affinities  of  the  constituents  are  enabled  to  exert  themselves. 

The  action  of  different  affinities  existing  in  one  compound,  Ber- 
thollet terms  resulting  affinities,  while  the  individual  affinities  of 
the  constituents  he  calls  elementary  affinities.  Thus  nitric  acid 
acts  on  potash  by  an  affinity,  which  results  from  those  of  oxygen 
and  azote  for  potash.  And  as  all  affinity  is  mutual,  the  term  result- 
ing affinity  is  applied,  also,  to  that  force,  with  which  a  simple  body 
acts  on  a  compound;  to  the  affinity  for  example,  which  any  simple 
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body  may  exert  on  nitric  acid.  A  simple  body,  indeed,  may  exert 
towards  a  compound  both  an  elementary  and  result!  >    ity.     If 

the  elementary  affinity  prevails,  it  will  unite  only  with  one  of  the 
principles  of  the  compound,  as  when  a  simple  body*  by  its  affinity 
for  oxygen,  decomposes  nitric  acid,  and  liberates  us  nitrogei  in  a 
separate  form.  If  the  resulting  affinity  be  predominant,  the  sim- 
ple body  will  unite  with  the  whole  compound  without  effecting  any 
disunion  of  its  elements. 

From  these  views  it  may  be  inferred,  that  we  are  not,  in  any  case, 
to  deny  the  existence  of  an  affinity  betvveen  two  bodies,  merely 
because  they  do  not  combine  when  presented  to  each  other;  lor  an 
affinity  may  exist,  but  may  be  suppressed  by  the  prevalence  of  op- 
posing lorces.  According  to  the  doctrine  oi  Berthollet,  affinity  is 
a  force  exerted  by  every  body  towards  every  other;  even  though 
not  made  apparent  by  any  effect.  On  this  principle,  we  are  able 
to  explain  certain  phenomena,  which  are  wholly  unintelligible  on 
any  other,  and  especially  those  which  have  been  referred  to  rfw- 
fiosing  affinity.  The  action  of  sulphuret  of  potash,  for  example,  on 
oxygen  gas,  has  been  ascribed  to  the  disposing  affinity  of  potash 
for  sulphuric  acid.  This,  however,  is  ascribing  an  affinity  to  a  com- 
pound, before  that  compound  has  existence.  It  is  much  more  pro- 
bable, that  besides  the  diminished  cohesion  of  the  sulphur,  the 
affinity  of  potash  for  oxygen  has  some  share  in  producing  the  com- 
bination. On  this  principle  the  united  affinities  of  the  potash  and 
sulphur  for  oxygen  (in  other  words  the  resulting  affinities  of  the 
sulphuret  of  potash)  are  the  efficient  causes  of  chemical  union. 
This  explanation,  at  least,  does  not,  like  the  theory  of  disposing 
affinities,  involve  an  absurdity.* 

The  theory  of  Berthollet,  however,  which  promised,  on  its  first 
development,  to  form  a  new  era  in  chemical  philosophy,  has  lost 
much  of  its  probability,  by  the  subsequent  progress  of  the  science. 
It  is  directly,  indeed,  at  variance  with  the  doctrine  of  definite  pro- 
portions, which  every  day  gathers  strength  by  the  accumulation  of 
new  and  well  established  facts.  It  is  liable,  moreover,  to  the  fol- 
lowing objections. 
^  1st.  It  has  been  shown  by  professor  Pfaff,  of  Kiellf,  that,  in  va- 
rious cases,  where  tyvo  acids  are  brought  into  contaci  with  one  base, 
the  base  unites  with  one  acid,  to  the  entire  exclusion  of  the  other. 
When,  for  example,  to  a  given  weight  of  lime,  quantities  of  sul- 
phuric and  tartaric  acids  are  put,  either  of  which  would  exactly 
saturate  the  lime,  the  sulphuric  acid  unites  with  the  lime,  10  the 
entire  exclusion  of  the  tartaric.  The  same  evidence  of  a  superior 
affinity  of  the  sulphuric  acid  over  that  of  the  oxalic  is  obtained,  by- 
placing  those  acids  in  contact  with  as  much  oxide  of  lead,  as  would 
exactly  saturate  either  of  them.  Again,  comparing  the  action  of 
two  bases   on  one   acid,  the  same   law  is  found  to  hold  good  :  for 

*  Dr.  Henry  has  very  justly  stated  the  doctrine  of  .disposing  affinities  to  in- 
volve an  absurdity,  yet  it  is  by  this  doctrine  that  an  explanation  is  (riven  in  all 
writers,  of  the  decomposition  of  water  by  sulphuric  acid  and  iron  °I  believe  it 
may  be  more  satisfactorily  elucidated  without  it. C. 

f  77  Ann.  de  Chim.  p.  259 
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when  potash  and  magnesia  are  mixed  with  just  as  much  sulphuric 
acid,  as  is  required  to  saturate  either  of  them,  the  potash  seizes 
the  whole  of  the  acid,  and  no  part  of  it  unites  with  the  magnesia. 
Nor  can  these  effects  be  explained  by  any  of  those  extraneous 
forces,  which  Berthollet  supposes,  in  all  cases,  to  regulate  chemi- 
cal combination;  or  by  any  principle,  but  a  stronger  affinity  of  sul- 
phuric acid,  than  of  tartaric  or  oxalic  acid,  for  the  different  bases ; 
and  of  potash,  than  of  magnesia,  for  the  same  acid. 

2dly.  Some  of  the  cases,  before  quoted  from  Berthollet,  to  show. 
the  reciprocal  displacement  of  two  bodies  by  each  other  from  a 
third  (it  has  been  justly  observed),  are  examples  not  of  single  elec- 
tive affinity,  in  which  three  bodies  only  are  concerned;  but  of  com  - 
filex  affinity,  in  which  the  attractions  of  four  bodies  are  brought 
into  action.  In  the  first  case,  for  example,  there  is  reason  to  be- 
lieve, that  sulphuric  acid  is  displaced  from  barytes,  not  by  pure  pot- 
ash, but  by  potash  which  has  absorbed  carbonic  acid  from  the  atmo- 
sphere. 

3dly.  In  other  cases,  the  consideration  of  the  affinities  of  two 
bodies  A  and  B,  for  a  third  C,is  complicated  with  this  circumstance, 
that  the  neutral  compound  of  A  and  B  has  an  affinity  for  a  further 
portion  of  one  of  its  ingredients.  If  then  C  be  brought  into  con- 
tact with  the  compound  A  B,  we  have,  acting  at  the  same  moment, 
the  affinity  of  C  for  A,  which  partly  decomposes  the  compound 
A  B ;  and  the  affinity  of  the  undecomposed  part  of  A  B,  for  that 
portion  of  3  which  is  set  at  liberty.  For  instance,  when  nitric  acid 
actson  sulphate  of  potash,  some  nitrate  of  potash  is  formed  ;  and  the 
sulphuric  acid,  which  is  set  at  liberty,  uniting  with  the  undecom- 
posed sulphate  of  potash,  composes  anew  salt,  consisting  of  sulphate 
of  potash  with  an  excess  of  sulphuric  acid. 

4thly.  It  is  a  strong  objection  to  the  theory  of  Berthollet  that, 
in  some  cases,  decompositions  happen,  which,  according  to  his 
views,  ought  not  to  take  place  ;  and  that  in  others,  decomposi- 
tions do  not  ensue,  which  the  theory  would  have  led  us  to  have 
anticipated. 

5thly.  The  theory  is  objectionable,  inasmuch  as,  in  several  in- 
stances properties  are  supposed  to  operate,  before  the  bodies  exist, 
to  which  those  properties  are  attributed.  It  is  inconceivable,  for 
instance,  that  the  cohesion,  or  insolubility  of  sulphate  of  barytes, 
can  have  any  share  in  producing  the  decomposition  of  sulphate  of 
potash  by  that  earth  ;  for  the  insolubility  of  sulphate  of  barytes  can 
have  no  agency,  till  that  compound  is  formed ;  which  is  the  very- 
effect  to  be  explained. 

Notwithstanding  these  objections  to  the  theory  of  Berthollet, 
when  carried  so  far  as  has  been  done  by  its  author,  in  the  explana- 
tion of  chemical  phenomena,  it  must  still  be  admitted  that  the  ex- 
traneous forces,  pointed  out  by  that  acute  philosopher,  have  great 
influence  in  modifying  the  effects  of  chemical  affinity.  But  these 
forces  are  entitled  only  to  be  considered  as  secondary  causes;  and 
not  as  determining  combinations  or  decompositions,  nor  as  regulat- 
ing the  proportions  in  which  bodies  unite,  independently  of  the 
superior  force  of  chemical  affinity. 
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SECTION  VI. 

Of  the  Estimation  of  the  Forces  of  Affinity. 

The  affinities  of  one  body  for  a  number  of  others  are  not  all  of 
the  same  degree  of  force.  This  is  all  that  the  present  s^ate  of  our 
knowledge  authorizes  us  to  affirm;  for  we  are  ignorant  how  much 
the  affinity  of  one  body  for  another  is  superior  to  that  of  a  third. 
The  determination  of  the  precise  forces  of  affinity  would  be  an  im- 
portant step  in  chemical  philosophy  ;  forks  phenomena  would  then 
be  reduced  to  calculation;  and  we  should  be  enabled  to  anticipate 
the  result  of  the  experiment.  That  the  force  of  chemical  affinity 
must  be  protiigously  great,  is  evident  from  its  effect  in  preserving 
the  combination  of  water  with  some  bodies  (the  alca'ies  for  instance) 
when  exposed  to  a  violent  i.eat;  notwithstanding  its  great  expansive 
force,  and  though  water  is  not  essential  to  the  constitution  ot  those 
bodies. 

The  observed  order  of  decomposition,  it  has  already  been  slated, 
does  not  enable  us  to  assign  the  order  of  the  forces  of  affinity;  be- 
cause, in  all  decompositions,  other  forces  are  concerned.  We  are, 
therefore,  obliged  to  seek  some  other  method  of  determining  the 
problem.     Of  these  several  have  been  proposed. 

When  the  surface  of  one  body  is  brought  into  contact  with  ano- 
ther surface  of  the  same  kind,  as  when  the  smooth  surfaces  of  a 
divided  leaden  bullet  are  pressed  together,  they  adhere  by  the  force 
of  cohesion,  their  particles  being  all  of  the  same  kind.  But  when 
the  surfaces  of  different  bodies  are  thus  brought  into  apparent  con- 
tact, it  is  reasonable  to  suppose  that  their  adhesion  arises  from  che- 
mical affinity,  because  their  particles  are  oi  different  kinds.  Guyton 
proposed,  therefore,  the  comparative  force,  with  which  different 
surfaces  adhere,  as  a  competent  measure  of  chemical  affinity.  His 
experiments  were  made  on  plates  of  different  metals,  of  precisely 
the  same  size  and  form,  suspended  by  their  centres  from  the  arm  of 
a  sensible  balance.  The  lower  surfaces  of  the  plates  were  succes- 
sively brought  into  contact  with  mercury,  which  was  changed  for 
each  experiment,  and  the  weight  was  observed,  which  it  was  neces- 
sary to  add  to  the  opposite  scale,  in  order  to  detach  the  several  me- 
tals. Those  which  required  the  largest  weight  were  inferred  to 
have  the  greatest  affinity;  and  it  is  remarkable,  that  the  order  of 
affinities,  as  determined  in  this  way,  correspond  with  the  affini- 
ties as  ascertained  by  other  methods.  The  following  were  the 
results : — 

Gold  adhered  to  mercury  with  a  force  of       446  grains. 

Silver 429 

Tin 418 

Lead 397 

Bismuth 372 

Zinc : 204 

Copper 142 
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Antimony 126  grains. 

Iron 115 

Cobalt   . 8 

This  method,  it  must  be  obvious,  is  of  too  limited  application  to  be 
of  much  utility;  for  few  bodies  have  the  mechanical  conciitions,which 
can  enable  us  to  subject  them  to  such  a  test.  How,  for  example, 
could  the  affinitits  of  acids  for  alkalies  be  examined  on  this  princi- 
ple ?  It  may  be  doubted,  also,  whether  in  the  cases  to  which  it  may 
be  applied,  it  does  not  measure  the  facility  of  combination,  rather 
than  the  actual  force  of  affinity. 

To  determine  the  absolute  forces,  which  one  body  exerts  towards 
a  number  of  others,  Mr.  Kirwan  has  proposed  the  quantity  of  each, 
which  is  required  to  produce  neutralization.  This  he  has  ascer- 
tained by  experiment  in  a  great  variety  of  instances,  a  few  of  which 
are  contained  in  the  following  tables  ;  the  numbers  being  altered, 
to  accommodate  them  to  recent  discoveries. 


100  Parts  of 

SUiPHUHIC  ACID 

100  Parts  of 

require  for  Neutralization 

potash  require 
i                                             i 

v 
194    parts  of  barytes. 
138    ...  of  strontites. 

V 
115    of  nitric  acid. 

93    of  carbonic  acid. 

118    ...   of  potash. 
78.2    .  .   of  soda. 

84.5  of  sulphuric. 
58    of  muriatic. 

71    ...   of  lime. 

49.2    .  .   of  magnesia. 
43    ...  of  ammonia. 

In  judging  of  the  affinities  of  the  same  acid  for  different  bases, 
Mr.  Kirwan  assumed  that  they  are  represented  by  the  numbers  in- 
dicating the  quantities  of  each  base  required  for  neutralization. 
Thus,  because  100  parts  of  sulphuric  acid  neutralize  194  of  barytes, 
and  1 18  of  potash,  the  affinity  of  the  former  is  superior  to  that  of 
the  latter  in  the  proportion  of  194  to  118.  So  far  the  inference 
corresponds  with  the  order  of  decomposition  ;  for  barytes  takes  sul- 
phuric acid  from  potash.  But  if  we  examine  the  affinities  of  potash, 
as  represented  in  the  second  table,  we  shall  find  that,  on  this  prin- 
ciple, they  are  directly  contradictory  to  fact.  Thus  the  affinity  of 
sulphuric  acid  should  be  inferior  to  that  of  the  carbonic  ;  whereas 
it  is  well  known  that  the  former  displaces  the  latter  from  all  its  com- 
binations. Mr.  Kirwan  was,  therefore,  driven  to  the  necessity  of 
establishing  a  precisely  opposite  rule  in  determining  the  affinities 
of  different  acids  for  the  same  base,  and  of  assuming,  that  they  are 
inversely  proportionate  to  the  affinity  of  the  saturating  acid.  Thus 
the  affinity  of  carbonic  acid  for  potash  would  be  84.5,  and  that  of 
sulphuric  acid  93.  This,  however,  involves  a  contradiction  ;  since 
it  is  implied  thata  strongeraffinity,in  one  instance,  requires  a  greater 
quantity  of  the  saturating  principle,  as  in  the  relation  of  barytes  and 
potash  to  sulphuric  acid ;  and  that5  in  the  other,  it  requires  a  less 
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quantity,  as  in  the  instance  of  the  sulphuric  and  carbonic  acids  with 
resptct  to  potash. 

Since  neutralization  is  an  effect  of  chemical  affinity,  which 
must  in  all  cases  bear  a  proportion  to  its  cause,  it  has  been  as- 
sumed by  Berthollet,  that  the  substance  which,  in  the  smallest 
quantity,  neutralizes  another,  is  the  one  possessing  the  strongest 
affinity.  On  this  principle  the  affinities  of  sulphuric  acid  for  dif- 
ferent bases,  will  be  exactly  the  reverse  of  the  order  established 
by  Mr  Kir  wan  ;  and  to  that  order,  which  would  have  been  as- 
signed from  observed  decompositions.  Thus  ammonia  will  have  a 
stronger  affinity  for  sulphuric  acid,  than  any  of  the  substances 
•which  arc  placed  above  in  the  table  ;  though  it  is  separated,  by 
each  of  these,  from  its  union  with  that  acid. 

It  is  in  the  extraneous  forces,  which  have  been  enumerated  as 
influencing  chemical  affinity,  that  we  are  to  seek,  according  to  Ber- 
thoilet,  for  the  explanation  of  this  apparent  anomaly,  and  especi- 
ally in  those  of  cohesion  and  elasticity.  The  elasticity  of  ammo- 
nia, for  example,  turns  the  balance  in  favour  of  magnesia,  lime,  he. 
There  is  an  obvious  difficulty,  however,  in  the  application  of  the 
theory.  For  as  the  elasticity  of  ammonia  is  suppressed  oy  its  com- 
bination with  sulphuric  acid,  what,  it  may  be  asked,  but  a  supe- 
rior affinity  can  occasion  the  first  commencement  of  decomposi- 
tion ?  The  problem,  therefore  of  determining  the  absolute  forces 
of  affinity  can  scarcely  be  admitted  to  be  solved  Even  if  it  were, 
we  should  not  be  able  to  predict  the  order  of  decomposition,  un- 
less the  modifying  forces  of  cohesion,  elasticity,  Sec,  could  be  at 
the  same  time  subjected  to  precise  admeasurement.  Until  both 
these  objects  are  accomplished,  the  results  of  chemistry  can  in  no 
case  be  obtained  by  calculation,  but  the  science  must  remain  a  col- 
lection of  general  principles,  derived  from  experiment  and  induc- 
tion. 


SECTION  VII. 

Of  Comfilex  Affinity. 

Under  the  more  general  name  of  comfilex  affinity,  Berthollet 
includes  that  which  has  hitherto  been  considered  as  produced  by 
the  action  of  four  affinities,  and  which  has  commonly  been  deno- 
minated double  elective  affinity.  It  frequently  happens  that  the 
compound  of  two  principles  cannot  be  destroyed  either  by  a  third 
or  a  fourth  separately  applied  ;  but  if  the  third  and  fourth  be  com- 
bined, and  placed  in  contact  with  the  former  compound,  a  decom- 
position, or  a  change  of  principles  will  ensue.  Thus  when  lime 
water  is  added  to  a  solution  of  the  sulphate  of  soda,  no  decompo- 
sition happens,  because  the  sulphuric  acid  attracts  soda  more 
strongly  than  it  attracts  lime.  If  the  muriatic  acid  be  applied  to 
the  same  compound,  still  its  principles  remain  undisturbed,  be- 
cause the  sulphuric  acid  attracts  soda  more  strongly  than  the  mu- 
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riatic.  But  if  the  lime  and  muriatic  acid,  previously  combined,  be 
mixed  with  the  sulphate  of  soda,  a  double  decomposition  is  effect- 
ed. The  lime,  quitting  the  muriatic  acid,  unites  with  the  sulphu- 
ric, and  the  soda,  being  separated  from  the  sulphuric  acid,  com- 
bines with  the  muriatic.  These  decompositions  are  rendered  more 
intelligible  by  the  following  diagram,  contrived  by  Bergman. 

Muriate  of  Soda 


Sulphate 

of 

Soda 


f 

Soda              115 

Muriatic  acid 

*V 

<     78       J> 

<   104  v> 

JV- 

Sulph*  acid  71 

Lime 

Muriate 
of 
Lime 


Sulphate  of  Lime 

On  the  outside  of  the  vertical  brackets  are  placed  the  original 
compounds  ;  and  above  and  below  the  diagram,  the  new  com- 
pounds. The  upper  line,  being  straight,  indicates  that  the  muri- 
ate of  soda  remains  in  solution  ;  and  the  middle  of  the  lower  line, 
being  directed  downwards,  that  the  sulphate  of  lime  is  precipi- 
tated. 

In  all  cases  similar  to  the  foregoing,  Mr.  Kirwan  conceives  that 
we  may  trace  the  operation  of  two  distinct  series  of  affinities.  The 
affinities  tending  to  preserve  the  original  compounds  (which  in  the 
above  example  are  those  between  sulphuric  acid  and  soda,  and  be- 
tween muriatic  acid  and  lime),  he  terms  the  quiescent  affinities  ; 
because  they  resist  any  change  of  composition.  On  the  other 
hand,  the  affinities  which  tend  to  disunite  the  original  compounds 
and  to  produce  new  ones  (such  as  those  between  muriatic  acid  and 
soda,  and  between  sulphuric  acid  and  lime),  he  terms  divettcnt 
affi?iities.  In  order  that  an  effect  may  be  produced,  the  divellent 
affinities  must  necessarily  be  superior  to  the  quiescent.  Now  as- 
suming the  numbers  in  Mr.  Kirwan's  tables  to  express  accurately 
the  forces  of  affinities,  the  double  exchange  of  principles,  which 
happens  in  the  preceding  instance,  is  readily  explained.  Thus 
the  quiescent  affinities  are 

Those  of  lime  to  muriatic  acid  ~  104 
of  soda  to  sulphuric  acid  ~    78 

182 
The  divellent  affinities,  opposed  to  these,  consist  of 

The  affinity  of  soda  to  muriatic  acid  ZZ.  1 15 
lime  to  sulphuric  acidzz    71 


186 
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The  original  compound,  therefore,  is  preserved  by  a  force  equiva- 
lent to  182,  and  the  tendencies  to  produce  new  compounds  are  re- 
presented by  the  number  186.  The  divellent  atfinities  are,  there- 
fore, predominant. 

The  theory  of  quiescent  and  divellent  affinities,  however,  though 
highly  attractive  ti  om  its  simplicity, and  from  the  facility  with  whicii  it 
solves  certain  phenomena,  is  completely  defective  in  the  explanation 
of  others.  For  example,  sulphate  of  potash  is  decomposed  by  muriate 
of  barytes.  Yet,  estimating  in  the  above  manner  the  quiescent  and 
divellent  affinities,  an  exchange  of  principles  ought  not  to  ensue. 
The  affinities  tending  to  preserve  the  original  compound,  are  those 
of  sulphuric  aciu  for  potash  =  118,  and  of  muriatic  acid  for  barytes 
=  285.  The  diveilent  affinities  are  that  of  muriatic  acid  for  potash 
=  174  +  that  of  sulphuric  acid  for  barytes  =  194.  The  quiescent 
affinities  then  are  118  +  285  =  4u3, and  the  divellent  174+  194=3 
368.  This  leaves  a  balance  of  35  in  favour  of  the  quiescent  affini- 
ties ;  and  yet  decomposition  ensues,  when  the  two  compounds  are 
brought  into  contact. 

It  must  be  acknowledged  that  the  numbers,  assumed  by  Mr.  Kir- 
wan,  do  not  correspond  with  the  actual  forces  of  affinity.  But  even 
if  they  are  taken  according  to  the  principle  assumed  by  Berthollet, 
they  will  not  be  found  universally  applicable.  The  reason  of  this 
is,  that  the  phenomena  produced  by  complex  affinity,  like  those  oc- 
casioned by  simple  affinity,  are  materially  influenced  by  the  extra- 
neous forces  of  cohesion,  quantity,  elasticity,  temperature,  See.  The 
effect  of  quantity  is  shown  by  the  fact,  that  if  two  salts  be  mixed 
together  in  certain  proportions,  decomposition  will  ensue,  but  not 
if  mixed  in  other  proportions.  Thus  from  the  mingled  solutions  of 
two  parts  of  muriate  of  lime  and  one  of  nitrate  of  potash,  we  obtain 
muriate  of  potash  ;  but  not  from  equal  weights  of  the  two  salts. 
Insolubility,  or  precipitation,  has  also  a  considerable  influence  on 
the  result.  When  this  occurs,  the  influence  of  quantity  is  destroy- 
ed, as  in  the  case  of  sulphate  of  potash  and  muriate  of  barytes. 
Elasticity,  and  an  increased  temperature  (which  operates  by  increas- 
ing elasticity),  have  also  a  powerful  influence  in  promoting  the  ac- 
tion of  complex  affinities.  Thus  of  four  principles,  two  of  which 
are  volatile  and  two  fixed,  the  two  which  are  volatile  will  be  dispos- 
ed to  unite,  in  preference  to  combining  with  either  of  those  which 
are  fixed.  Hence  the  phenomena  of  complex  decomposition  con- 
cur with  those  of  a  more  simple  kind,  in  proving  that  affinity  is  not 
an  uniform  force,  but  is  materially  influenced  by  various  modifying 
circumstances;  and  that  we  cannot  confidently  anticipate  results, 
from  comparing  the  numerical  expressions  of  quiescent  and  divel- 
lent affinities. 

One  great  obstacle  to  the  construction  of  tables,  capable  of  re- 
presenting the  affinity,  is  the  difficulty  of  ascertaining,  with  preci- 
sion, the  quantities  of  bodies  required  for  neutralization.  Notwith- 
standing all  the  care  employed  by  Mr.  Kirwan,  considerable  errors 
appear  to  have  crept  into  the  results  of  his  experiments.  This  will 
sufficiently  appear,  when  they  are  examined  by  a  test,  originally 
proposed  by  Guyton.    It  must  be  obvious  that  if  between  two  salts 
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which  are  mixed  together  in  solution,  decomposition  should  ensue, 
ai  d  the  mixture  should  afterwards  be  found  neutral,  the  quantity 
ol  acid,  which  has  quitted  one  of  the  bases,  must  have  been  exactly 
equivalent  to  the  saturation  of  the  other  base,  also  deserted  by  its 
acid.  If,  for  example,  we  mingle  the  muriate  of  magnesia  and  sul- 
phate of  soda,  the  mixture  continues  neutral ;  and  hence  it  follows 
that  the  muriatic  acid,  which  has  quitted  the  magnesia,  must  have 
been  exactly  equal  to  the  neutralization  of  the  soda,  deserted  by  the 
sulphuric  acid.  But  from  a  calculation,  founded  on  the  proportion 
of  the  ingredients  of  these  salts,  as  established  by  Mr.  Kirwan,  it 
appears  that  the  soda,  detached  from  the  sulphuric  acid,  is  not  ade- 
quate to  the  saturation  of  the  muriatic  acid.  The  mixture,  there- 
fore, ought  to  be  acid ;  and  since  this  is  contrary  to  fact,  we  may 
safely  infer  that  there  is  an  error  in  the  estimation  of  the  ingredients 
composing  these  salts.  No  tables,  indeed,  can  be  correct,  unless 
they  stand  the  test  of  this  mode  of  verification.  Such  a  table  has 
been  calculated  by  Fischer  from  the  experiments  of  Richter;  but 
even  this  table  seems  in  several  respects  to  be  of  questionable  accu- 
racy. I  have  thought  it,  however,  entitled  to  a  place  among  the 
tables  in  the  Appendix  ;  and  I  shall  annex,  also,  a  more  correct  one, 
the  data  of  which  are  chiefly  supplied  by  Dr.  Wollaston's  paper  on 
Chemical  Equivalents.* 


SECTION  VIII. 

Experimental  Illustrations  of Chemical  Affinity •,  Solution,  &c. 

For  these  experiments,  a  few  wine  glasses,  or,  in  preference, 
deep  ale  glasses,  will  be  required  ;  and  a  Florence  flask  lor  per- 
forming the  solutions. 

I.  Some  bodies  have  no  affinity  for  each  other. — Oil  and  water, 
mercury  and  water,  or  powdered  chalk  and  water,  when  shaken  toge- 
ther in  a  vial,  do  not  combine  ;  the  oil  or  water  always  rising  to  the 
surface,  and  the  mercury  or  chalk  sinking  to  the  bottom. 

II.  Examples  of  chemical  affinity,  and  its  most  simple  effect,  viz. 
solution — Sugar  or  common  salt  disappears  or  dissolves  in  w&ter; 
chalk  in  dilute  muriatic  acid.f  Sugar  and  salt  are,  therefore,  said 
to  be  soluble  in  water,  and  chalk  in  muriatic  acid.  The  liquid  in 
which  the  solid  disappears,  is  termed  a  solvent.  Chalk  or  sand,  on 
the  contrary,  when  mixed  with  water  by  agitation,  always  subside 
again      Hence  they  are  said  to  be  insoluble. 

III.  Influence  of  mechanical  division  in  promoting  the  action  of  che- 
mical affinity,  or  in  favouring  solution.  Lumps  of  chalk  or  marble 
dissolve  much  more  slowly  in  dilute  muriatic  acid,  than  equal 
weights  of  the  same  bodies  in  powder.  Muriate  of  lime,  or  nitrate 
of  ammonia,  cast,  after  liquefaction  by  heat,  into  the  shape  of  a  solid 

*  Phil.  Trans.  1814. 

;  1  omit,  purposely,  the  distinction  between  the  solution  and  dissolution. 
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sphere,  is  very  slowly  dissolved  ;  but  with  great  rapidity  when  in 
the  state  of  a  powder  or  of  crystals.  When  a  lump  of  the  Derbyshire 
fluate  of  lime  is  immersed  in  concentrated  sulphuric  acid,  scarcely 
any  action  of  the  two  substances  on  each  other  takes  place;  but  if 
the  stone  be  finely  pulverized,  and  then  mingled  with  the  acid,  a 
violent  action  is  manifested,  by  the  copious  escape  of  vapours  of 
fluoric  acid.  In  the  common  arts  of  life,  the  rasping  and  grinding  of 
wood  and  other  substances  are  familiar  examples. 

IV.  Hot  liquids,  generally  s/ieaking,  are  more  fioiverful  solvents 
than  cold  ones. — To  four  ounce-measures  of  water,  at  the  tempera- 
ture- of  the  atmosphere,  add  three  ounces  of  sulphate  of  soda  in' 
powder.  Only  part  of  the  salt  will  be  dissolved,  even  after  being  agi- 
tated some  time.  Apply  heat,  and  the  whole  of  the  salt  will  disap- 
pear. When  the  liquor  cools,  a  portion  of  salt  will  separate  again 
in  a  regular  form  or  in  crystals.  This  last  appearance  affords  an  in- 
stance of  crystallization. 

To  this  law,  however,  there  are  several  exceptions;  for  many 
salts,  among  which  is  muriate  ofsoda,or  common  salt,  are  equally, 
or  nearly  equally,  soluble  in  cold  as  in  hot  water.  (See  the  table  of 
solubility  of  salts  in  water,  in  the  Apendix.)  Hence,  a  hot  and  satu- 
rated solution  of  muriate  of  soda  does  not,  like  the  sulphate,  deposit 
crystals  on  cooling.  To  obtain  crystals  of  the  muriate,  and  of  other 
salts  which  observe  a  similar  law  as  to  solubility,  it  is  necessary  to 
evaporate  a  portion  of  the  water;  and  the  salt  will  then  be  deposit- 
ed, even  while  the  liquor  remains  hot.  In  general,  the  more  slow 
the  cooling,  or  evaporation,  of  saline  solutions,  the  larger  and  more 
regular  are  the  crystals. 

V.  A  very  minute  division  of  bodies  is  effected  by  solution. — Dis- 
solve two  grains  of  sulphate  of  iron  in  a  quart  of  water,  and  add  a 
few  drops  of  this  solution  to  a  wine-glass  full  of  water,  into  which  a 
few  drops  of  tincture  of  galls  have  been  fallen.  The  dilute  infusion 
of  galls  will  speedily  assume  a  purplish  hue.  This  shows  that  every 
drop  of  the  quart  of  water,  in  which  the  sulphate  of  iron  was  dis- 
solved, contains  a  notable  portion  of  the  salt. 

VI.  Some  bodies  dissolve  much  more  readily  and  copiously  than 
others. — Thus,  an  ounce  measure  of  distilled  water  will  dissolve  half 
its  weight  of  sulphate  of  ammonia,  one  third  its  weight  of  sulphate 
of  soda,  one  sixteenth  of  sulphate  of  potash,  and  only  one  five-hun- 
dredth its  weight  of  sulphate  of  lime. 

VII.  Mechanical  agitation  facilitates  solution. — Into  a  wine-glass 
full  of  water,  tinged  blue  with  the  infusion  of  litmus,  let  fall  a  small 
lump  of  solid  tartaric  acid.  The  acid,  if  left  at  rest,  even  during 
some  hours,  will  only  change  to  red  that  portion  of  the  infusion 
which  is  in  immediate  contact  with  it.  Stir  the  liquor,  and  the  whole 
will  immediately  become  red. 

VIII.  Bodies  do  not  act  on  each  other,  unless  cither  one  or  both  be 
in  a  state  of  solution* — I.  Mix  some  dry  tartaric,  or,  in  preference 


*  This  Law  is  made  too  general. 

;vs  n.  12,  under  the  consideration 
-.'    v,     '     .     ci     j  u        lu   i  /"  v;~ """". '■    *•  Kkli  '"unatot  ammo- 
nia and  acetat  ot  lead  be  rubbed  together  in  a  mortar,  they  presently  become 


is  Law  is  made  too  general.    Dr.  Henry  himself  admits  this,  by  what  he 
i  p  12,  under  the  consideration  of  Chemical  affinity.    If  dry  muriat  of  ammo- 


SECT.  VIII.  CHEMICAL  AFFINITY,  &CC.  45 

citric  acid  with  dry  carbonate  of  potash.  No  combination  will  en- 
sue till  water  is  added,  which, acting  the  part  of  a  solvent,  prornoi.es 
the  union  of  the  acid  and  alkali,  as  appears  from  a  violent  efferve- 
scence. 

2.  Spread  thinly,  on  a  piece  of  tinfoil,  three  or  four  inches  square, 
some  dry  nitrate  of  copper*,  and  wrap  it  up.  No  effect  will  follow. 
Unfold  the  tinfoil,  and  having  sprinkled  the  nitrate  of  copper  with 
the  smallest  possible  quantity  of  water,  wrap  thetintoil  up  again  as 
quickly  as  possible,  pressing  down  the  edges  closely.  Considera- 
ble heat,  attended  with  fumes,  will  now  be  excited;  and,  if  tin-  ex- 
periment has  been  dexterously  managed,  even  light  will  be  evolved. 
This  shows  that  nitate  of  copper  has  no  action  on  tin,  unless  in  a 
state  of  solution.! 

IX  Bodies,  even  token  in  a  state  of  solution,  do  not  act  on  each 
other  at  fierce fitible  distances;  in  other  words,  contiguity  is  essen- 
tial to  the  action  of  chemical  affinity. — Thus,  when  two  fluids  of 
different  specific  gravities,  and  which  have  a  strong  affinity  for 
each  other,  are  separated  by  a  thin  stratum  of  a  third,  which  exerts 
no  remarkable  action  on  either,  no  combination  ensues  between  the 
uppermost  and  lowest  stratum.  Into  a  glass  jar,  or  deep  ale  glass, 
pour  two  ounce-measures  of  a  solution  of  subcarbonate  of  potash, 
containing,  in  that  quantity,  two  drachms  of  common  salt  of  tartar. 
Under  this  introduce,  very  carefully,  half  an  ounce-measure  of  wa- 
ter, holding  in  solution  a  drachm  of  common  salt;  and  again,  un- 
der both  these,  two  ounce  measures  of  sulphuric  acid,  which  has 
been  diluted  with  an  equal  weight  of  water,  and  allowed  to  become 
cool.  The  introduction  of  a  second  and  third  liquid  beneath  the 
first,  is  best  effected,  by  filling,  with  the  liquid  to  be  introduced, 
the  dropping  tube,  fig  15.  pi  i.,  which  may  be  done  by  the  action 
of  the  mouth.  The  finger  is  then  pressed  on  the  upper  orifice  of 
the  tube  ;  and  the  lower  orifice,  being  brought  to  the  bottom  of  the 
vessel  containing  the  liquid,  the  finger  is  withdrawn,  and  the  liquid 
descends  from  the  tube,  without  mingling  with  the  upper  stratum. 
When  a  solution  of  carbonate  of  potash  is  thus  separated  from  di- 
luted sulphuric  acid,  for  which  it  has  a  powerful  affinity,  by  the  in- 
tervention of  a  thin  stratum  of  brine,  the  two  fluids  will  remain 
distinct  and  inefficient  on  each  other;  but,  on  stirring  the  mixture, 
a  violent  effervescence  ensues,  in  consequence  of  the  action  of  the 
sulphuric  acid  on  the  potash. 

X.   Two  bodies,  having  no  affinity  for  each  other)  unite  by  the  in- 
tervention of  a  third. — Thus,  the  oil  and  water  which,  in  Experi- 


liquid,  and  a  transfer  of  principles  takes  place;  and  if  dry  muriat  of  ammonia 
and  lime  be  rubber)  together,  the  decomposition  is  apparent,  by  the  evolution  of 
ammoniacal  gas.  Many  other  examples  of  the  incorrectness  of  this  law  might 
be  given,  but  the  above  are  sufficient.    C. 

*  To  prepare  nitrate  of  copper,  dissolve  the  filings  or  turnings  of  that  metal 
in  a  mixture  of  one  part  nitrous  acid  and  three  parts  water  ;  decant  the  liquor 
when  it  has  ceased  to  emit  fumes ;  and  evaporate  it  to  dryness,  in  a  copper  or 
earthen  dish.  The  dry  mass  must  be  kept  in  a  bottle. 

f  Mr.  Murray  has  given  us  a  better  exposition  of  this  interesting  pheno- 
menon.   C. 
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ment  I.,  could  not,  by  agitation,  be  brought  into  union,  unite  imme- 
diately on  adding  a  solution  of  caustic  potash.  The  alkali,  in  this 
case,  acts  as  an  intermedium.  Tlie  fact,  indeed,  admits  ol  being 
explained  by  the  supposition,  that  the  oil  and  alkali  form,  in  the 
first  instance,  a  compound  which  is  soluble  in  water. 

XI.  Saturation  and  neutralization  illustrated.— .Water,  alter  hav- 
ing taken  up  as  much  common  salt  as  it  can  dissolve,  is  said  to  be 
saturated  w.th  salt.  Muriatic  acid,  when  it  has  ceased  to  act  any 
longer  on  lime,  is  said  to  be  neutralized. 

XII.  The  properties  characterizing  bodies,  when  se/iarate,  are  de- 
stroyed by  chemical  combination,  and  new  properties  appear  in  the 
compound.  Thus,  muriatic  acid  and  lime,  which,  in  a  separate 
state,  have  each  a  most  corrosive  taste,  lose  this  entirely  when  mu- 
tually saturated;  the  compound  is  extremely  soluble,  though  lime 
itself  is  very  difficult  of  solutian ;  the  acid  no  longer  reddens  syrup 
of  violets ;  nor  does  the  lime  change  it,  as  before,  to  green.  The 
resulting  compound,  also,  muriate  of  lime,  exhibits  new  properties. 
It  has  an  intensely  bitter  taste ;  is  susceptible  of  a  crystallized 
form ;  and  the  crystals,  when  mixed  with  snow  or  ice,  generate  a 
degree  of  cold  sufficient  to  freeze  quicksilver. 

XIII.  Single  elective  affinity  illustrated. —  1.  Add  to  the  combina- 
tion of  oil  with  alkali,  formed  in  Experiment  X.,  a  little  diluted  sul- 
phuric acid.  The  acid  will  seize  the  alkali,  and  set  the  oil  at  liber- 
ty, which  will  rise  to  the  top.  In  this  instance,  the  affinity  of  alkali 
for  acid  is  greater  than  that  of  alkali  for  oil.  2.  To  a  dilute  solu- 
tion of  muriate  of  lime  (prepared  in  Experiment  II.),  add  a  little  of 
the  solution  of  pure  uotaah.  The  potash  will  seize  the  muriatic 
acid,  and  the  lime  will  fall  down,  or  be  picctpituccd. 

XIV.  In  every  instance,  in  comparing  the  affinities  of  two  bodies 
for  a  third,  a  weaker  affinity,  in  one  of  the  two  compared,  will  be 
found  to  be  compensated  by  increasing  its  quantity. — It  is  not  easy  to 

offer  clear  and  unequivocal  examples  of  this  law,  and  such  as  the 
student  may  submit  to  the  test  of  experiment.  The  following, 
however,  may  illustrate  the  proposition  sufficiently :  Mingle  toge- 
ther, in  a  mortar,  one  part  of  muriate  of  soda  (common  salt)  with 
half  a  part  of  red  oxide  of  lead  (litharge,  or  red  lead),  and  add 
sufficient  water  to  form  a  thin  paste.  The  oxide  of  lead,  on  exa- 
mining the  mixture  after  twenty-four  hours,  will  be  found  not  to 
have  detached  the  muriatic  acid  from  the  soda;  for  the  strong  taste 
of  that  alkali  will  not  be  apparent.  Increase  the  weight  of  the 
oxide  of  lead  to  three  or  four  times  that  of  the  salt ;  and,  after  the 
same  interval,  the  mixture  will  exhibit,  by  its  taste,  marks  of  un- 
combined  soda.  This  proves,  that  the  larger  quantity  of  the  oxide 
must  have  detached  a  considerable  portion  of  muriatic  acid  from 
the  soda,  though  the  oxide  has  a  weaker  affinity  for  that  acid  than 
the  soda  possesses. 

Another  illustration  of  the  same  general  principle  has  been  sug- 
gested by  Berzelius.  It  is  necessary  to  premise,  that  the  colour 
of  the  compound  of  sulphuric  acid  with  oxide  of  copper  is  blue, 
and  that  of  muriatic  acid  with  the  same  oxide,  green.  To  a  satu- 
rated solution  of  sulphate  of  copper  in  water,  add  by  degrees  con- 
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centrated  muriatic  acid.  Every  addition  will  render  the  colour  of 
the  liquid  more  distinctly  green,  showing  an  increased  production 
of  muriate  of  copper;  the  oxide  of  copper  being  divided  between 
the  sulphuric  and  muriatic  acids,  in  proportion  to  the  quantity  of 
each  acid  that  is  present. 

XV.  Double  elective  affinity  exemplified.— In  a  watery  solution  of 
sulphate  of  zinc,  immerse  a  thin  sheet  of  lead  :  the  lead  will  re- 
main unaltered,  as  also  will  the  sulphate  of  zinc,  because  zinc  at- 
tracts sulphuric  acid  more  strongly  than  lead.  But  let  a  solution  of 
acttate  of  lead  be  mixed  with  one  of  sulphate  of  zinc :  the  lead 
will  then  go  over  to  the  sulphuric  acid,  while  the  zinc  passes  to  the 
acetic.  The  sulphate  of  lead,  being  insoluble,  will  fall  down  in  the 
state  of  a  white  powder ;  but  the  acetate  of  zinc  will  remain  in  so- 
lution. The  changes  that  occur  in  this  experiment  will  be  better 
understood  from  the  following  scheme : 


Acetate  of  Zinc 


Acetate 

of 
Lead 


r 

Zinc 

. . A 

Acetic  Acid 

Sulphate 

of 

< 
Zinc 

Water                         ! 
at  60° 

Sulph* 

v. 

Acid                      Lead 

-  J 

Sulphate  of  Lead 


The  vertical  brackets  include  the  original  compounds,  viz,  sul- 
phate of  zinc,  and  acetate  of  lead ;  and  the  horizontal  line  and 
bracket  point  out  the  new  ones,  viz.  acetate  of  zinc  and  sulphate  ot 
lead.  By  the  upper  horizontal  line,  it  is  denoted,  that  the  acetate 
of  zinc  remains  in  solution  ;  and,  by  the  point  of  the  lower  bracket 
being  directed  downwards,  it  is  meant  to  express,  that  the  sulphate 
of  lead  falls  down,  or  is  precipitated. 
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SECTION  I. 

General  Observations  on  Neat. 

WHEN  we  apply  the  hand  to  a  body,  which  is  hotter  than  itself, 
we  are  sensible  of  a  peculiar  feeling,  which  wc  agree  to  call  the  sensa- 
tion of  heat.  At  the  same  time  we  observe,  in  almost  all  bodies  that  are 
placed  in  the  same  situation  with  the  hand,  certain  effects,  the  most 
remarkable  of  which  is  an  enlargement  of  their  dimensions.  These 
circumstances,  with  very  few  exceptions,  so  constantly  accompany 
each  other,  that  we  can  have  little  or  no  hesitation  in  referring  them 
to  one  and  the  same  cause.  Of  the  nature  of  this  cause  we  have  no 
satisfactory  evidence  ;  and  we  are  unable  to  demonstrate  either  that  it 
consists  in  any  general  quality  of  bodies,or  that  it  resides  in  a  distinct 
peculiar  kind  of  matter.  The  opinion,  however,  which  best  explains 
the  phenomena,  is  that  which  ascribes  them  to  an  extremely  sub- 
tile fluid,  of  so  refined  a  nature,  as  to  be  capable  of  insinuating 
itself  between  the  particles  of  the  most  dense  and  solid  bodies. 
To  this  fluid,  as  well  as  to  the  sensation  which  it  excites,  the  term 
heat  was  formerly  applied.  But  there  was  an  obvious  impropriety 
in  confounding,  under  one  appellation,  two  things  so  distinct  as  a 
sensation  and  its  cause  ;  and  the  term  caloric,  first  proposed  by  La- 
voisier, is  now,  therefore,  generally  adopted  to  denote  the  cause  of 
heat.  Occasionally,  however,  in  order  to  avoid  too  frequent  a  repe- 
tition of  the  same  word,  the  term  heat  is  still  employed  in  a  more 
extensive  sense,  to  express  not  only  the  sensation  which  it  usually 
denotes,  but  also  some  of  the  modifications  of  caloric. 

Caloric,  so  far  as  its  chemical  agencies  are  concerned,  may  be 
chiefly  considered  under  two  views — as  an  antagonist  to  the  cohe- 
sive attraction  of  bodies — and  as  concurring  with,  and  increasing 
elasticity.  By  removing  the  particles  of  any  solid  to  a  greater  dis- 
tance from  each  other,  their  cohesive  attraction  is  diminished; 
and  one  of  the  principal  impediments  to  their  union  with  other 
bodies  is  overcome.  On  the  other  hand,  caloric  may  be  infused 
into  bodies  in  such  quantity,  as  not  only  to  overcome  cohesion,  but 
to  place  their  particles  beyond  the  sphere  of  chemical  affinity. 
Thus,  in  the  class  of  substances  called  gases,  the  ponderable  in- 
gredient,  whether  solid  or  liquid,  is  dissolved  in  so  much  caloric, 
that  in  mechanical  properties  the  gases  agree  with  the  air  of  our 
atmosphere,  and  especially  in  being  permanently  elastic.  Differ- 
ent bodies  of  this  class  do  not  in  general  unite  by  simple  mixture. 
But  if,  of  two  gases,  we  employ  either  one  or  both  in  a  state  of 
great  condensation,  or  compress  their  particles  nearer  to  each  other 
by  any  means,  the  gravitating  matter  of  both  unites,  and  forms  a 
new  compound.    Thus   hydrogen  and  oxygen  gases  remain  to- 
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gether  in  a  state  of  mixture,  for  any  length  of  time,  without  com- 
bining ;  but  if  we  force  their  particles  into  a  state  of  contiguity, 
by  sudden  and  violent  mechanical  pressure,  they  unite  and  com- 
pose water.  In  many  cases,  also,  when  two  bodies  are  combined 
together,  une  of  which  is  fixed,  and  the  other  becomes  elastic  by 
union  with  caloric,  we  are  able  by  its  interposition  alone,  to  effect 
their  disunion.  Thus  carbonate  of  lime  gives  up  its  carbonic  acid 
by  the  mere  application  of  heat. 

We  may  consider,  then,  all  bodies  in  nature  as  subject  to  the  ac- 
tion of  two  opposite  forces,  the  mutual  attraction  of  their  particles  on 
the  one  hand,  and  the  repulsive  power  of  caloric  on  the  other  ;* 
and  bodies  exist  in  the  solid,  liquid,  or  elastic  state,  as  one  or  the 
other  of  these  forces  prevails.  Water,  by  losing  caloric,  has  its 
cohesion  so  much  increased,  that  it  assumes  the  solid  form  of  ice  ;f 
adding  caloric,  we  diminish  again  eohesion,  and  render  it  fluid ; 
and,  finally,  by  a  still  farther  addition  of  caloric,  we  change  it  into 
vapour,  and  give  it  so  much  elasticity,  that  it  may  be  rendered 
capable  of  bursting  the  strongest  vessels.  In  many  liquids,  the 
tendency  to  elasticity  is  even  so  great,  that  they  pass  to  the  gaseous 
form  by  the  mere  removal  of  the  weight  of  the  atmosphere. 

Caloric,  like  all  other  bodies,  may  exist  in  two  different  states  ;  in 
a  state  of  freedom,  and  in  a  state,  either  of  combination  or  of  some- 
thing nearly  resembling  it.  In  the  former  state,  it  is  capable  of  ex- 
citing the  sensation  of  heat,  and  of  producing  expansion  in  other 
bodies.  To  this  modification  the  terms  /ref  or  uncombined  caloric, 
or  caloric  of  temfierature,  have  been  applied.  By  the  term  tempera- 

*  Dr  Henry  in  common  with  most  chemists  considers  caloric  as  the  sole 
source  of  repulsion  in  bodies.  Now,  although  it  may  be  difficult  to  substan- 
tiate the  existence  of  such  a  force  separate  and  independent  of  caloric;  yet  we 
ought,  before  we  fully  accede  to  the  position,  to  be  perfectly  assured  that  ca- 
loric is  a  material  substance,  and  that  it  is  not  as  Sir  H.  Davy,  Count  Rumford, 
and  other  highly  respected  authorities  maintain,  the  mere  result  of  motion 
amongst  the  particles  of  matter  ;  for  however  strong,  those,  who  regard  it  as 
material,  may  consider  their  ground  to  be,  the  question  cannot  be  regard- 
ed as  fully  settled.  Presuming  it  however  to  be  material,  we  must  demand,  by 
what  means  it  is  itself  possessed  of  the  property  of  repulsion  in  its  own  parti- 
cles, and  of  communicating  that  influence  to  other  bodies.  If  there  exists  any 
foreign  power  capable  of  imparting  a  repulsive  agency  to  the  matter  of  heat ; 
that  same  power  may  be  equally  regarded  as  operating  on  other  species  of 
matter.  Now,  light,  electricity  and  magnetism,  if  material,  certainly  possess 
.  a  repulsive  power  amongst  their  respective  particles,  which  cannot  well  be  at- 
tributed to  Caloric ;  and  whatever  that  be  which  thus  induces  repulsion  in  them, 
may  equally  induce  it  in  caloric  and  in  all  other  bodies.  The  difference  of  ef- 
fects perceived  in  these  different  bodies,  may  be  ascribed  to  the  variety  of  mat- 
ter on  which  the  power  of  repulsion  acts  ;  the  cause  in  all,  being  probably 

identical. C 

f  However  theoretically,  this  assertion  may  seem  to  be  correct,  experiment 
proves  it  to  be  erroneous  ;  If  the  cohesion  of  water  in  becoming  ice  was  really 
increased,  we  ought  to  find  its  specific  gravity  augmented.  But  this  is  so  far 
from  being  the  case  that  ice  floats  even  in  boiling  water.  And  even  for  several  de- 
grees before  water  reaches  the  freezing  point,  it  expands  considerably,  whilst  it 
is  losing  caloric.  The  laws  of  heat  have  been  drawn  almost  entirely  from  observa- 
tions  made  on  water,  a  fluid  of  all  others,  possessed  of  anomalies  too  numerous 
and  striking,  to  render  it  a  safe  subject  on  which  to  form  such  important  de- 
ductions. C. 
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ture  we  are  to  understand  the  state  of  a  body  relatively  to  its  power 
of  exciting  the  sensation  of  heat,  and  occasioning  expansion ;  ef- 
fects which,  in  all  probability,  bear  a  proportion  to  the  quantity  of 
free  caloric  in  a  given  space,  or  in  a  given  quantity  oi  matter. 
Thus  what  we  call  a  high  temperature  may  be  ascribed  to  the  pre- 
sence of  a  large  quantity  of  free  caloric;  and  a  low  temperature  to 
that  of  a  small  quantity.  We  are  unacquainted,  however,  wilh  the 
extremes  of  temperature  ;  and  may  compare  it  to  a  chain,  of  which 
a  few  middle  links  only  are  exposed  to  our  observation. 

The  degree  of  expansion  produced  by  caloric,  it  will  afterwards 
appear,  bears  a  sufficient  proportion  to  its  quantity,  to  afford  us  a 
means  of  ascertaining  the  latter  with  tolerable  accuracy  In  esti- 
mating temperature,  indeed,  our  senses  are  extremely  imperfect; 
for  we  compare  our  sensations  of  heat,  not  with  any  fixed  or  uni- 
form standard,  but  with  those  sensations,  of  which  we  have  had 
immediately  previous  experience.  The  same  portion  of  water 
will  feel  warm  to  a  hand  removed  from  contact  with  snow,  and  cold 
to  another  hand,  which  has  been  heated  before  the  fire.  To  con- 
vey, therefore,  any  precise  notion  of  temperature,  we  are  obliged 
to  describe  the  degree  of  expansion  produced  in  some  one  body, 
which  has  been  previously  agreed  upon  as  a  standard  of  compari- 
son. The  standard  most  commonly  employed  is  a  quantity  of 
quicksilver,  contained  in  a  glass  ball,  which  terminates  in  a  long 
narrow  tube.  This  instrument,  called  a  thermometer^  is  of  the  most 
important  use  in  acquiring  and  recording  our  knowledge  of  the 
properties  and  laws  of  caloric.  The  thermometer,  however,  it 
must  be  obvious,  is  no  otherwise  a  measure  of  the  quantity  of  ca- 
loric, than  as  it  ascertains  the  amount  of  one  of  its  principal  effects. 
In  this  respect,  it  stands  in  much  the  same  predicament  as  the  hy- 
grometer, when  considered  as  a  mean  of  determining  the  moisture 
of  the  atmosphere.  This  last  instrument,  it  may  be  remembered, 
is  composed  of  some  substance,  (such  as  a  hair  or  a  piece  of  whip- 
cord,) which  is  lengthened  by  a  moist  atmosphere  and  contracted 
by  a  dry  one  ;  and  in  a  degree  proportionate  to  the  moisture  or  dry- 
ness. But  all  the  information,  which  the  hygrometer  gives  us,  is 
the  degree  of  moisture  between  certain  points  that  form  the  extre- 
mities of  its  scale  ;  and  it  is  quite  incompetent  to  measure  the  ab- 
solute quantity  of  watery  vapour  in  the  air. 

In  explaining  those  properties  and  laws  of  caloric,  which  have 
become  known  to  us  by  means  of  the  thermometer,  it  appears  a 
sufficiently  natural  division  of  the  subject,  to  describe,  lstly,  those 
effects  which  caloric  produces,  without  losing  its  properties  of  ex- 
citing the  sensation  of  heat  and  occasioning  expansion  ; — and,  2dly, 
those  agencies,  in  which  its  characteristic  properties  are  destroy- 
ed, and  in  which  it  ceases  to  be  cognizable  by  our  senses  or  by  the 
thermometer. 

The  expansion  or  dilatation  of  bodies,  it  will  appear,  is  al- 
most an  universal  effect  of  an  increase  of  temperature.  Its 
amount,  however,  is  not  the  same  in  all  bodies,  but  differs  very  es- 
sentially. By  the  same  increase  of  temperature,  liquids  expand 
more  than  solids,  and  aeriform  bodies  more  than  either.  Nor  is  the 
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same  quantity  of  expansion  effected  in  the  same  solid  or  liquid,  by 
adding  similar  quantities  of  heat ;  for,  generally  speaking,  bodies 
expand  by  equal  increments  of  caloric,  more  in  high  than  in  low 
temperatures.  The  explanation  of  this  fact  is,  that  the  force  op- 
posing expansion  {viz.  cohesion)  is  diminished  by  the  interposition 
of  caloric  between  the  particles  of  bodies  ;  and,  therefore,  when 
equal  quantities  of  caloric  are  added  in  succession,  the  last  por- 
tions meet  with  less  resistance  to  their  expansive,  force  than  the 
first.  In  gases,  which  are  destitute  of  cohesion,  equal  increments 
of  heat  appear,  on  the  contrary,  to  be  attended  with  precisely  equal 
augmentations  of  bulk. 

An  important  property  of  free  caloric,  the  knowledge  of  which 
has  been  acquired  by  means  of  the  thermometer,  is  its  tendency  to 
an  equilibrium.  When  a  heated  ball  of  iron  is  exposed  to  the  open 
air,  the  caloric,  which  is  accumulated  in  it,  flows  out ;  and  its  tem- 
perature is  gradually  reduced  to  that  of  the  surrounding  medium. 
This  is  owing  to  two  distinct  causes:  the  air,  immediately  sur- 
rounding the  ball,  acquires  part  of  the  caloric  which  escapes;  and, 
having  its  bulk  increased,  is  rendered  specifically  lighter  and 
ascends.  This  is  succeeded  by  a  cooler  and  heavier  portion  of  air 
from  above,  which,  in  its  turn,  is  expanded  and  carries  off  a  second 
quantity  of  caloric.  Hence  a  considerable  part  of  the  caloric,  which 
is  lost  by  a  heated  body,  is  conveyed  away  by  the  ambient  air.  But 
the  refrigeration  cannot  be  wholly  explained  on  this  principle  ;  for 
it  has  been  long  known  that  heated  bodies  cool,  though  with  less 
celerity,  under  the  exhausted  receiver  of  an  air  pump,  and  even  in 
a  Torricellian  vacuum. 

When  the  phenomena  accompanying  the  cooling  of  bodies  are 
accurately  examined,  it  is  found  that  a  part  of  the  caloric,  which 
escapes,  moves  through  the  atmosphere  with  immeasurable  velo- 
city. In  an  experiment  of  M.  Pictet,  no  perceptible  interval  took 
place  between  the  time  at  which  caloric  quitted  a  heated  body, 
and  its  reception  by  a  thermometer  at  the  distance  of  sixty-nine' 
feet.  It  appears  also  to  move  with  equal  ease  in  all  directions,  and 
not  to  be  at  all  impeded  by  a  strong  current  of  air  meeting  it  trans- 
versely.* Hence  it  follows  that  the  propagation  of  caloric,  in  this 
state  of  rapid  movement,  does  not  depend  on  any  agency  of  the  me- 
dium through  which  it  passes;  a  conclusion  strengthened  by  the 
experiments  of  Sir  H.  Davy,  who  has  shown  that,  in  a  receiver  ex-- 
hausted  to  TI^,  the  effect  of  radiation  is  three  times  greater  than 
in  an  atmosphere  of  the  ordinary  density.  Like  light,  heat  appears 
to  be  transmitted  in  parallel  rays ;  and  it  has,  therefore,  under  this 
modification,  been  called  radiant  caloric 

The  proportion  of  caloric,  lost  by  a  heated  body,  in  these  two 
different  ways,  may  be  approximated  by  observing  what  time  it 
takes  to  cool,  through  the  same  number  of  degrees,  in  air  and  in 
vacuo.  By  experiments  of  this  kind,  Dr.  Franklin  thought  he  had 
ascertained  that  a  body,  which  requires  five  minutes  in  vacuo,  will 

*  If  this  be  really  the  case,  might  not  some  objections  be  drawn  from  it  as  to 
ihc  matemhtv  of  caloric  >     C. 
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cool  in  air,  through  the  same  number  of  degrees,  in  two  minutes. 
Count  Rumford's  experiments  with  a  Torricellian  vacuum  give  the 
proportions  of  5  to  3.  It  will,  perhaps,  not  be  very  remote  trom 
the  truth,  if  it  be  seated,  in  general  terms,  that  one  half  of  the  ca- 
loric, lost  by  a  heated  body,  escapes  by  radiation,  and  that  the  rest 
is  carried  off  by  the  ambient  atmosphere. 

The  radiation  of  caloric  appears  to  bear  a  proportion  to  the  ele- 
vation of  temperature  of  a  body  above  that  of  the  surrounding  me- 
dium. Hence  in  part  it  is,  that  a  heated  body,  during  refrigera- 
tion, loses  unequal  quantities  of  caloric  in  equal  times.  The  se- 
ries appears  to  be  pretty  nearly  a  geometrical  one.  Thus,  suppos- 
ing the  temperature  of  a  body  to  be  1000  degrees  above  the  sur- 
rounding medium, 

In  the  first  minute  it  will  lose  T95  of  its  heat  or  900° 

In  the  second 7^  of  the  remainder  =   90 

In  the  third T9„ofl0.    .     .     .     =     9 

This  law  of  refrigeration,  it  is  asserted  by  Dr.  Delaroche,  though 
nearly  accurate  at  low  temperatures,  is  far  from  being  so  at  high 
ones. 

The  movement  of  caloric  by  radiation  occurs  only  in  free  space, 
or  through  transparent  media.  But  caloric  is  capable,  also,  of 
passing  through  dense  and  opake  bodies,  though  with  prodigiously- 
impaired  velocity.  Thus  a  long  bat  of  iron,  heated  atone  end,  re- 
quires considerable  time  to  become  hot  at  the  other.  This  pro- 
perty in  bodies  has  been  called  their  conducting  power,  and  it 
exists,  in  different  bodies,  in  very  different  degrees.  It  is  not,  how- 
ever, found  to  bear  a  proportion  to  any  other  quality  of  bodies. 

All  the  properties  of  caloric,  which  have  been  hitherto  described, 
belong  to  it  when  in  a  free  or  uncombined  form  ;  for  it  continues  to 
produce  the  sensation  of  heat  and  to  expand  the  mercury  of  the 
thermometer.  In  the  instances  of  its  agency,  also,  that  have  been 
mentioned,  no  permanent  change  of  form  or  of  properties  is  effect- 
ed in  the  bodies  which  have  imbibed  caloric.  A  bar  of  iron,  after 
being  expanded  by  heat,  returns  on  cooling  to  the  same  state  as  be- 
fore, and  exhibits  all  its  former  qualities.  In  certain  cases,  how- 
ever, caloric  is  absorbed  by  bodies,  with  the  loss  of  its  distinguish- 
ing properties.  It  can  then  be  no  longer  discovered  by  our  senses 
or  by  the  thermometer;  and  it  produces  important  and  sometimes 
permanent  changes  in  the  bodies  into  which  it  enters. 

Those  effects  of  caloric,  in  the  production  of  which  it  loses  its 
distinguishing  properties,  may  be  classed  under  two  general  heads. 

I.  All  bodus,  in  passing  from  a  denser  to  a  rarer  state,  absorb  ca- 
loric*— Thus  solids,  during  liquefaction,  imbibe  a  quantity  of  ca- 
loric, which  ceases  to  be  apparent  to  our  senses,  or  to  the  thermo- 

*  Ice,  being  expanded  by  the  abstraction  of  caloric,  must  be  considered 
as  in  a  rarer  state  than  water ;  and  therefore  presents  an  exception  to  this 
general  head.  The  reverse  of  this,  presents  an  equal  exception  to  the  2d  head 
noticed.    C. 
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meter ;  or,  as  it  has  been  termed,  becomes  latent.  In  a  similar  man- 
ner, solids  and  liquids,  during  their  conversion  into  vapours  or 
gases,  render  latent  a  quantity  of  caloric,  which  is  essential  to  the 
elasticity  of  the  new  product.  In  common  language,  cold  is,  in 
such  cases,  said  to  be  produced;  but  by  the  production  of  cold  we 
are  to  understand,  in  philosophical  language,  nothing  more  than  the 
passage  ot  caloric  from  a  free  to  a  latent  loryn. 

II.  All  bodies,  by  an  increase  of  density,  evolve  or  give  out  caloric, 
ivhich  fiasses  from  a  latent  to  a  free  state. — The  simplest  illustration 
of  diis  law  is  in  the  effect  of  hammering  a  piece  of  metal,  which 
may  thus  be  intensely  heated,  while  all  that  is  effected  is  an  aug- 
mentation of  its  density.  Liquids  by  becoming  soiids,  or  gases  by 
conversion  into  liquids,  also,  evolve  caloric,  or  produce  an  increase 
of  temperature.  A  pound  of  water,  condensed  from  steam,  will 
render  100  pounds  of  water  at  50°  warmer  by  1 1°  ;  whereas  a  pound 
oi  boiling  water  will  produce  the  same  rise  of  temperature  in  no 
more  than  about  13i  pounds.  This  is  owing  to  the  much  greater 
quantity  of  caloric,  existing  in  a  pound  of  steam,  than  in  a  pound  of 
boiling  water,  though  steam  and  boiling  water  affect  the  thermo- 
meter in  precisely  the  same  degree. 

It  is  a  question  which  has  excited  considerable  interest  among 
philosophers,  whether  caloric,  when  thus  absorbed  and  rendered 
latent,  enters  into  chemical  combination,  or  is  merely  united  by  the 
same  kind  of  ties  as  that  portion  of  caloric  that  produces  the  tem- 
perature of  bodies.  Does  ice,  for  example,  when  changed  into  wa- 
ter, form  a  chemical  union  with  caloric,  similar  to  that  which  exists 
between  potash  and  sulphuric  acid  ?  Such  appears  to  have  been 
the  opinion  of  Dr.  Black,  who,  by  the  powers  of  an  original  and 
well-directed  genius,  discovered  the  greater  number  of  those  facts 
that  form  the  groundwork  of  the  theory  of  latent  heat.  The  re- 
semblance, however,  between  chemical  union  and  the  disappear- 
ance of  caloric,  which,  on  first  view,  appears  extremely  striking, 
will  be  found,  it  must  be  confessed,  less  close  on  a  nearer  examina- 
tion. For  caloric  may  be  made  to  quit  those  bodies,  into  which  it 
has  entered,  with  the  loss  of  its  peculiar  properties,  merely  by  re- 
ducing their  temperature ;  whereas,  chemical  combinations  in  ge- 
neral cannot  be  destroyed,  except  by  the  interference  of  more  ener- 
getic affinities.  In  opposition  to  the  foregoing  theory,  it  has  been 
contended  that  the  absorption  of  caloric  by  bodies  is  a  consequence 
of  what  has  been  called  a  change  of  their  capacity.  Thus  ice,  it 
is  supposed,  in  becoming  water,  has  its  capacity  for  caloric  in- 
creased, and  the  absorption  of  caloric  is  a  consequence  of  this  in- 
creased capachy.  The  theory,  however,  is  deficient,  inasmuch  as 
it  fails  to  explain  what  is  the  cause  of  that  change  of  form,  which 
is  assumed  to  account  for  the  increase  of  capacity.  Notwithstand- 
ing this  obvious  objection,  I  have  retained  the  term  capacity  to 
express,  in  the  abstract,  that  power  by  which  bodies  absorb  <ind 
render  latent  different  quantities  of  caloric;  or  the  property  of  re- 
quiring more  or  less  caloric  for  raising  their  temperature  an  equal 
number  of  degrees.  The  absorption  of  caloric,  then,  will  always 
be  owing  to  an  increase,  and  its  evolution  to  a  decrease,  of  capacity. 
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The  use  of  these  terms  may  be  exemplified  by  a  slight  change  of 
the  perspicuous  language  of  Dr.  Crawford.  "  The  capacity  for 
containing  caloric,"*  he  observes,  «  and  the  absolute  caloric  con- 
tained, are  distinguished  as  a  force  from  the  subject  upon  which  it 
operates.  When  we  speak  of  the  cafiacity,  we  mean  a  power  in- 
herent in  the  heated  body ;  when  we  speak  of  the  absolute  calorie, 
we  mean  an  unknown  principle,  which  is  retained  in  the  body  by 
the  possession  of  this  power;  and,  when  we  speak  of  the  temfiera- 
ture,  we  consider  the  unknown  principle  as  producing  certain  ef- 
fects upon  the  thermometer." 

As  the  capacities  of  bodies  determine  their  absolute  quantities 
of  caloric,  it  seems  reasonable  to  conclude,  that  if  we  can  ascer- 
tain how  much  caloric  a  body  absorbs  or  gives  out  in  changing 
its  form,  and  in  what  proportion  its  capacity  is  at  the  same  time  al- 
tered, we  may  deduce  the  absolute  quantity  of  heat  which  it  con- 
tains. Now,  it  will  be  afterwards  shown  that  the  heat,  evolved  by 
water  in  freezing,  is  equal  to  140°;  and  the  capacity  of  water  has 
been  stated  to  bear  to  that  of  ice  the  proportion  of  10  to  9.  Wa- 
ter, then,  in  becoming  ice,  must  give  out  T^th  of  its  whole  caloric, 
and  as  this  amounts  to  140°,  ten  times  140  (or  1400°)  is  the  whole 
quantity  of  caloric  in  water  at  the  temperature  of  32°  ;  and  deduct- 
ing 140  from  1400,  we  have  1260°  for  the  caloric  contained  in  the 
ice  itself.  This  method  of  determining  the  problem  appears,  how- 
ever, to  me,  to  be  liable  to  several  objections,  which  it  would  take 
up  too  much  room  to  state  in  this  place,  and  which  I  have  else- 
where urged  at  considerable  length. f 

These  general  observations  I  have  deemed  it  necessary  to  make, 
with  a  view  of  connecting  together  the  propositions  respecting  ca- 
loric, and  the  experiments  illustrating  them,  that  form  the  subject 
of  the  following  sections.  The  inquiry  respecting  heat  is  ooe 
which  presents  a  boundless  field  for  interesting  speculation;  and 
it  would  have  been  easy  to  have  extended  very  considerably  the 
discussion  of  its  nature  and  properties.  But  in  this  work,  I  have 
no  farther  object  than  to  lead  the  student,  by  easy  steps,  to  a  know- 
ledge of  what  has  been  actually  determined  by  experiment,  or 
strictly  and  legitimately  deduced  from  it. 

•  Dr.  Crawford  on  Heat,  p.  8. 

|  Manchester  Memoirs,  vol.  v. ;  or  Phil.  Mag. 


SECT.  U-  OF  HEAT  OR  CALORIC.  53 

SECTION  II. 

Illustrations  of  the  Effects  of  Free  Caloric. 

I.  Caloric  expands  all  bodies* — The  expansion  of  liquids  is  shown 
by  that  of  the  mercury  of  a  thermometer,  or  by  immersing  in  hot 
water  a  glass  mattras  (pi.  i.  fig.  4),  filled,  up  to  a  mark  in  the  neck, 
with  spirit  of  wine,  tinged  with  any  colouring  substance.  The 
spirit  expands  immediately  when  heated,  and  would  overflow  if  not 
placed  in  a  cooler  situation.  The  degree  of  expansion  produced 
in  different  liquids,  by  similar  elevations  of  temperature,  varies 
very  considerably.  Thus,  water  expands  much  more  than  mer- 
cury, and  alcohol  more  than  water.  This  difference  of  expansi- 
bility is  even  sufficiently  striking  to  appear  in  a  remarkable  de- 
gree, when  we  immerse,  in  water  heated  to  150°,  three  equal  glass 
vessels  of  the  shape  of  thermometer  tubes,  containing  the  one 
mercury,  the  other  water,  and  the  third  spirit  of  wine.  The  spirit 
will  begin  to  escape  from  the  aperture  of  the  vessel  before  the 
mercury  has  ascended  far  in  the  stem.f  The  expansion  of  aeri- 
form bodies  is  shown,  by  holding,  near  the  fire,  a  bladder  filled  with 
air,  the  neck  of  which  is  closely  tied,  so  as  to  prevent  the  enclosed 
air  from  escaping.  The  bladder  will  soon  be  fully  distended,  and 
may  even  be  burst  by  continuing  and  increasing  the  heat.  All 
aeriform  bodies  undergo  the  same  expansion  by  the  same  additions 
of  heat,  or  -j-J-j  part  of  their  bulk  for  each  degree  of  Fahrenheit's 
thermometer,  between  the  freezing  and  boiling  points.  The  ex- 
pansion of  solids  is  evinced,  by  heating  a  rod  of  iron,  of  such  a 
length  as  to  be  included,  when  cold,  between  two  points,  and  the 
diameter  of  which  is  such,  as  barely  to  allow  it  to  pass  through  an 
iron  ring.  When  heated,  it  will  have  become  sensibly  longer ; 
and  it  will  be  found  incapable  of  passing  through  the  ring.  This 
property  of  metals  has  been  applied  to  the  construction  of  an  in- 
strument for  measuring  temperature,  called  a  pyrometer,  a  neat 
and  distinct  representation  of  which  is  given  in  the  first  volume  of 
"  Chemical  Conversations."  tl 

The  degree  of  expansion  is  not  the  same  for  all  solids,  and 
even  differs  materially  in  substances  of  the  same  class.  Thus, 
the  metals  expand  in  the  following  order,  the  most  expansible 
being  placed  first ;  zinc,  lead,  tin,  copper,  bismuth,  iron,  steel,  an- 
timony, palladium,  platina.J 

All  the  above  bodies  return  again,  on  cooling,  tc  their  former 
dimensions. 

II.  Construction  of  the  thermometer  founded  on  the  principle  of 
expansion. — The  thermometer  is  an  instrument  of  so  much  im- 

*  Here  we  again  find  water  opposing  itself  to  this  general  law,  at  least  below 
the  temperature  of  40°, — a  substance  presenting  such  anomalies  to  the  general 
doctrines  of  caloric,  cannot  surely  be  a  proper  one  to  found  our  speculations 
upon. C. 

f  See  a  table  of  the  expansion  of  liquids  in  the  Appandix, 

*  See  the  table  in  the  Appendix. 
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portance,  that  it  may  be  expedient  to  explain  the  construction  ot 
the  different  kinds  which  are  required  in  chemical  researches. 

The  instrument  employed  by  Sanctorio,  to  whom  the  invention 
of  the  thermometer  is  generally  ascribed,  was  of  a  very  simple 
kind,  and  measured  variations  of  temperature  by  the  variable  ex- 
pansion of  a  confined  portion  of  air.  To  prepare  this  instrument, 
a  glass  tube  (pi.  i.  fig  9)  is  to  be  provided,  eighteen  inches  long, 
open  at  one  end,  and  blown  into  a  ball  at  the  other.  On  applying 
a  warm  hand  to  the  ball,  the  included  air  expands,  and  a  portion  is 
expelled  through  the  open  end  of  the  tube.  In  this  state,  the  aper- 
ture is  quickly  immersed  in  a  cup  filled  with  any  coloured  liquid, 
which  ascends  into  the  tube,  as  the  air  in  the  ball  contracts  by 
cooling.  The  instrument  is  now  prepared.  An  increase  of  tem- 
perature forces  the  liquor  down  the  tube  ;  and,  on  the  contrary, 
the  application  of  cold  causes  its  ascent.  These  effects  may  he 
exhibited,  by  alternately  applying  the  hand  to  the  bail,  and  then 
blowing  on  it  with  a  pair  of  bellows.  By  the  application  of  a 
graduated  scale,  the  amount  of  the  expansion  may  be  measured. 

The  ball  of  the  above  instrument,  it  must  be  obvious,  cannot 
be  conveniently  applied  to  measure  the  temperature  of  liquids. 
For  adapting  it  to  this  purpose,  a  slight  variation  may  be  made  in 
its  construction,  as  represented  fig.  8,  a.  To  prepare  this  instru- 
ment, a  small  spherical  glass  vessel  is  to  be  about  one  6th  or  one 
4th  filled  with  any  coloured  liquid.  The  tube,  open  at  both  ends, 
is  then  to  be  cemented  into  the  neck,  with  its  lower  aperture  be- 
neath the  surface  of  the  fluid  The  expansion  of  the  included  air 
drives  the  liquid  up  the  stem,  to  which  we  may  affix  a  graduated 
scale,  corresponding  with  that  of  a  common  mercurial  thermo- 
meter. Other  modifications  have  also  been  made  by  different 
philosophers.  One  of  the  most  useful  and  simple  forms  is  repre- 
sented fig.  8,  b.  It  consists  merely  of  a  tube  of  very  small  bore, 
from  9  to  12  inches  long,  at  one  end  of  which  is  blown  a  ball, 
from  half  an  inch  to  an  inch  in  diameter,  which  is  afterwards 
blackened  by  paint,  or  by  the  smoke  of  a  candle.  A  small  co- 
lumn of  coloured  liquid,  about  an  inch  in  length,  is  then  intro- 
duced, by  a  manipulation  similar  to  that  already  described.  To 
fit  the  instrument  for  use,  this  column  ought  to  be  stationary 
about  the  middle  of  the  tube,  at  the  common  temperature  of  the 
atmosphere.  The  slightest  variation  of  temperature  occasions  the 
movement  of  the  coloured  liquid ;  and  a  scale  of  equal  parts 
measures  the  amount  of  the  effect. 

An  insuperable  objection,  however,  to  the  air  thermometer,  as 
thus  constructed,  is,  that  it  is  affected,  not  only  by  changes  of 
temperature,  but  by  variations  of  atmospheric  pressure.  Its  utility 
consists  in  the  great  amount  of  the  expansion  of  air,  which,  by  a 
given  elevation  of  temperature,  is  increased  in  bulk  above  twenty 
times  more  than  mercury.  Hence  it  is  adapted  to  detect  minute 
changes  of  temperature,  which  the  mercurial  thermometer  would 
scarcely  discover. 

An  important  modification  of  the  air  thermometer  has  been  in- 
vented by  Mr.  Leslie,  and  employed  by  him,  with  great  advantage, 
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in  his  interesting  researches  respecting  heat.  To  this  instrument 
he  has  given  the  name  of,  the  Differential  Thermometer.  Its  con- 
st, uction  is  as  follows  :  "  Two  glass  tubes  of  unequal  length,  each 
terminating  in  a  hollow  ball,  and  having  their  bores  somewhat  wi- 
dened at  the  other  ends  (a  small  portion  of  sulphuric  acid,  tinged 
with  carmine,  being  introduced  into  the  ball  of  the  longer  tube), 
are  joined  together  by  the  flame  of  a  blow-pipe,  and  afterwards 
bent  into  the  shape  of  the  letter  U  (see  fig.  7),  the  one  flexure  be- 
ing made  just  below  the  joining,  where  the  small  cavity  facilitates 
the  adjustment  of  the  instrument.  This,  by  a  little  dexterity,  is 
performed,  by  forcing,  with  the  heat  of  the  hand,  a  few  minute 
globules  of  air  from  the  one  cavity  into  the  other.  The  balls  are 
blown  as  equal  as  the  eye  can  judge,  and  from  four  lOths  to  seven 
lOths  of  an  inch  diameter.  The  lubes  are  such  as  are  drawn  for 
thermometers,  only  with  wider  bores;  that  of  the  short  one,  to 
which  the  scale  is  affixed,  must  have  an  exact  calibre  of  a  50th,  or 
a  60th,  of  an  inch.  The  bore  of  the  long  tube  need  not  be  so  re- 
gular, but  should  be  visibly  larger,  as  the  coloured  liquid  will  then 
move  quicker  under  any  impression.  Each  leg  of  the  instrument 
is  from  three  to  six  inches  in  height,  and  the  balls  are  from  two  to 
four  inches  apart. 

"  A  moment's  attention  to  the  construction  of  this  instrument 
will  satisfy  us,  that  it  is  affected  only  by  the  difference  of  heat  in  the 
corresponding  balls;  and  is  calculated  to  measure  such  difference 
with  peculiar  nicety.  As  iong  as  both  balls  are  of  the  same  tem- 
perature, whatever  this  may  be,  the  air  contained  in  both  will  have 
the  same  elasticity,  and,  consequently,  the  intercluded  coloured  li- 
quor, being  pressed  equally  in  opposite  directions,  must  remain 
stationary.  But  if,  for  instance,  the  ball  which  holds  a  portion  of 
the  liquor  be  warmer  than  the  other,  the  superior  elasticity  of  the 
confined  air  will  chive  the  liquid  forwards,  and  make  it  rise,  in  the 
opposite  branch,  above  the  zero,  to  an  elevation  proportional  to  the 
excess  of  elasticity,  or  of  heat."  The  amount  of  the  effect  is 
ascertained  by  a  graduated  scale,  the  interval  between  freezing  and 
boiling  being  distinguished  into  100  equal  degrees.  This  instru- 
ment, it  must  be  obvious,  cannot  be  applied  to  measure  variations 
in  the  temperature  of  the  surrounding  atmosphere,  for  the  reason 
already  assigned.  It  is  peculiarly  adapted  to  ascertain  the  differ- 
once  of  the  temperatures  of  two  contiguous  spots  in  the  same  at- 
mosphere ;  for  example,  to  determine  the  heat  in  the  focus  of  a  re- 
flector. 

Thermometers,  filled  with  spirit  of  wine,  (a  liquid  which  has  not 
been  congealed  by  any  degree  of  cold  hitherto  produced),  are  best 
adapted  to  the  measurement  of  very  low  temperatures,  at  which 
mercury  would  freeze.  The  amount  of  the  expansion  of  alcohol, 
also,  which  exceeds  that  of  mercury  above  eight  times,  fits  it  for 
ascertaining  very  slight  variations  of  temperature.  But  it  cannot 
be  applied  to  measure  high  degrees  of  heat;  because  the  conver- 
sion of  the  spirit  into  vapour  would  burst  the  instrument. 

The  fluid,  best  adapted  for  filling  thermometers,  is  mercury, 
which,  though  it  expands  less  in  amount  than  air,  or  alcohol,  still 
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undergoes  this  change  to  a  sufficient  degree  ;  and,  in  consequence 
of  its  difficult  conversion  into  vapour,  may  be  applied  to  the  admea- 
surement of  more  elevated  temperatures.  As  a  considerable  sav- 
ing of  expense  will  accrue  to  the  experimentalist,  who  is  able  to 
construct  mercurial  thermometers,  I  shall  offer  some  rules  for  this 
purpose.*  In  general,  however,  I  should  deem  it  preferable  merely 
to  superintend  their  construction,  and  to  be  satisfied,  by  actual  in- 
spection, that  the  necessary  accuracy  is  observed ;  because  much 
time  must  be  unavoidably  lost,  in  acquiring  the  manual  skill  which 
is  essential  to  construct  them  neatly. 

Thermometer  tubes  may  oe  had  at  the  glass-house,  and  of  va- 
rious philosophical  instrument  makers.  In  purchasing  them,  those 
should  be  rejected  that  are  not  hermetically  sealed  at  both  ends; 
because  the  smallest  condensation  of  moisture,  which  must  take 
place  when  air  is  freely  admitted  within  the  tube,  is  injurious  to 
the  accuracy  of  the  instrument.  A  small  bottle  of  elastic  gum 
should  be  provided,  in  the  side  of  which  a  brass  valve  is  fixed,  or  a 
piece  ot  brass  perforated  by  a  smail  hole,  to  be  occasionally  stop- 
ped by  the  hand.  A  blow-pipe  is  also  an  essential  part  of  the  ap- 
paratus ;  and,  in  addition  to  one  of  the  ordinary  kind,  it  will  be 
found  useful  to  have  one  which  is  supplied  with  air  by  a  pair  of 
double  bellows,  worked  by  the  foot- 
Before  proceeding  to  the  construction  of  the  thermometer,  it  is 
necessary  to  ascertain,  that  the  tube  is  of  equal  diameter  in  differ- 
ent parts.  This  is  done  by  breaking  off  both  of  the  sealed  ends, 
immersing  one  of  them  an  inch  or  two  deep  in  clean  and  dry  mer- 
cury, and  then  closing  the  other  end  with  the  finger.  On  with- 
drawing the  tube  from  the  mercury,  a  small  column  of  that  fluid 
remains  in  it,  the  length  of  which  is  to  be  examined,  by  laying  the 
tube  horizontally  on  a  graduated  ruler.f  By  inclining  the  tube, 
this  column  may  be  gradually  moved  through  its  whole  length  ; 
and  if  the  tube  be  of  uniform  bore,  it  will  measure  the  same  in 
every  part.  Such  a  degree  of  perfection,  however,  is  scarcely 
ever  to  be  observed  throughout  tubes  of  considerable  length  ;  but, 
in  general,  a  portion  of  the  tube  will  be  found  perfect,  of  sufficient 
length  for  a  thermometer,  and  this  part  is  to  be  broken  off. 

On  one  end  of  the  tube  let  the  neck  of  the  elastic  bottle  be  firm- 
ly tied  ;  and  let  the  other  end  be  heated  by  the  flame  of  the  blow- 
pipe, till  the  glass  softens.  The  softened  part  must  then  be  press- 
ed, by  a  clean  piece  of  metal,  into  the  form  of  a  rounded  button  ; 
and  to  this  the  flame  of  the  lamp  must  be  steadily  applied,  till  it 
acquires  a  white  heat,  and  seems  about  to  enter  into  fusion.  To  pre- 
vent its  falling  on  one  side,  the  tube,  during  this  time,  must  be 
constantly  turned  round  by  the  hand.     When  the  heated  part  ap- 

*  This  may  well  admit  of  some  doubt.  What  is  saved  in  expense  will  nroba- 
bly  be  lost  in  time  ;  and  in  general  we  may  infer,  that  few  persons  will  be  able 
however  theoretically  conversant  in  the  manipulations  necessary  to  1  he 'con- 
struction of  thermometers  and  other  philosophical  instruments,  to  make  them 
equally  perfect  with  the  experienced  mechanic.     C. 

j  If"  the  tube  he  of  an  extremely  small  bore,  the  mercury  will  not  enter  and 
must  he  drawn  in  by  the  action  of  the  elastic  bottle,  and  not  by  the  mouth  ' 
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pears  perfectly  soft,  remove  it  quickly  from  the  lamp,  and,  holding 
the  tube  vertically,  with  the  elastic  bottle  uppermost,  press  this  last 
gently  with  the  hand.  The  glass  will  be  blown  into  a  small  ball, 
but  not  into  one  sufficiently  thin  for  the  purpose.  To  this  the  flame 
of  the  lamp  must  again  be  applied,  turning  it  quickly  round  ;  and, 
on  a  second  or  third  repetition  of  the  process  of  blowing,  the  ball 
will  be  completely  formed.  The  proportion  of  the  size  of  the  ball 
to  the  bore  of  the  tube,  can  only  be  learned  by  some  experience. 

To  fill  the  ball,  which  has  been  thus  formed,  with  mercury,  the 
air  must  first  be  expelled  by  holding  it  over  the  flame  of  an  Ar- 
gand's  lamp,  and  then  quickly  immersing  the  open  end  of  the  tube 
in  very  clean  and  dry  quicksilver.  As  the  ball  cools,  the  mercury 
will  ascend,  and  will  partly  fill  it.  Let  a  paper  funnel  be  tied  firmly 
over  the  open  end  of  the  tube  ;  into  this  pour  a  small  portion  of 
quicksilver,  and  apply  the  heat  of  the  lamp  to  the  ball.  Any  re- 
maining portion  of  air  will  thus  be  expelled  ;  and  if  the  heat  be 
raised  so  as  to  boil  the  mercury,  the  ball  and  stem  will  be  filled 
with  mercurial  vapour,  the  condensation  of  which,  on  removing 
the  ball  from  the  lamp,  will  occasion  a  pretty  complete  vacuum. 
Into  this  vacuum,  quicksilver  will  descend  from  the  paper  cone  ; 
and  the  instrument  will  be  completely  filled.  But  for  the  purpose 
of  a  thermometer,  it  is  necessary  that  the  mercury  should  rise  only 
to  a  certain  height  of  the  stem ;  and  a  few  drops  may,  therefore, 
be  expelled  by  cautiously  applying  the  heat  of  the  lamp.  To  esti- 
mate whether  the  proper  quantity  of  quicksilver  has  been  left  in 
the  instrument,  immerse  the  ball  first  in  ice-cold  water,  and  then 
in  the  mouth.  The  space  between  these  two  points  will  comprise 
63  degrees,  or  pretty  nearly  one  3d  of  the  whole  space  between 
the  freezing  and  boiling  points  of  water.  If  the  empty  part  of  the 
tube  exceeds,  in  length,  about  three  times  the  portion  thus  filled 
by  the  expanded  quicksilver,  we  may  proceed  (when  an  instrument 
is  wanted  with  a  scale  including  only  from  32°  to  212°)  to  seal  it 
hermetically  :  which  is  done  as  follows  :  The  part  to  be  sealed  is 
first  heated  with  the  blow-pipe,  and  drawn  out  to  a  fine  capillary 
tube  ;  the  bulb  is  then  heated,  till  a  few  particles  of  quicksilver 
have  fallen  from  the  top  of  the  tube  :  at  this  moment,  the  flame  of 
another  candle  is  directed,  by  the  blow-pipe,  on  the  capillary  part 
of  the  tube,  the  candle  is  withdrawn  from  the  ball,  and  the  tube  is 
sealed,  at  the  instant  when  the  mercury  begins  to  descend.  If  this 
operation  has  been  skilfully  performed,  so  as  to  leave  no  air  in  the 
tube,  the  whole  of  the  tube  should  be  filled  with  quicksilver  on 
holding  the  instrument  with  the  ball  uppermost. 

To  have  very  large  degrees,  the  ball  must  bear  a  considerable 
proportion  to  the  tube  ;  but  this  extent  of  scale  cannot  be  obtained 
without  sacrificing,  in  some  measure,  the  sensibility  of  the  instru- 
ment. The  whole  of  the  process  of  constructing  thermometers 
neatly  and  accurately,  is  connected  with  the  possession  of  manual 
skill,  which  practice  only  can  confer;  and  it  is  scarcely  possible, 
without  the  most  tedious  minuteness,  to  describe  all  tne  necessary 
precautions  and  manipulations.  These  will  readily  suggest  them- 
selves to  a  person  who  carries  the  above  instructions  into  effect. 
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In  graduating  thermometers,  the  first  step  consists  in  taking  the 
two  fixed  points.  The  freezing  point  is  ascertained,  by  immersing, 
in  thawing  snow  or  ice,  the  ball  and  part  of  the  stem;  so  that  the 
mercury,  when  stationary,  shall  barely  appear  above  the  surtace. 
At  this  place  let  a  mark  be  made  with  a  file.  In  taking  the  boiling 
point,  considerable  caution  is  required  ;  and,  for  reasons  which  will 
afterwards  be  stated,  attention  must  be  paid  to  the  state  of  the  ba- 
rometer, the  height  of  which,  at  the  time,  should  be  precisely  29.8. 
A  tin  vessel  is  to  be  provided,  (for,  according  to  Gay  Lussac,*  one 
of  glass  leads  to  erroneous  results,)  four  or  five  inches  longer  than 
the  thermometer,  and  furnished  with  a  cover,  in  which  are  two 
holes.  Through  one  of  these,  the  thermometer  stem  must  be 
passed,  (the  bulb  being  within  the  vessel),  so  that  the  part,  at  which 
the  boiling  point  is  expected,  may  be  just  in  sight.  The  other 
hole  may  be  left  open  ;  and  the  cover  being  fixed  in  its  place,  the 
vessel,  containing  a  few  inches  of  water  at  the  bottom,  is  to  be  set 
on  the  fire.  The  thermometer  will  presently  be  wholly  surround- 
ed by  steam;  and  when  the  mercury  becomes  stationary  in  the 
stem,  its  place  must  be  marked.  The  scale  of  Fahrenheit  is  form- 
ed by  transferring  the  intermediate  space  to  paper  by  a  pair  of 
compasses,  and  dividing  it  into  180°,  the  lowest  being  called  32°, 
and  the  highest  212°.  The  scale  of  other  countries,  however,  dif- 
fers considerably  ;  but  these  variations  do  not  prevent  the  compa- 
rison of  observations  with  different  instruments,  when  the  freezing 
and  boiling  points  of  water  are  agreed  upon  as  fixed  data.  In  the 
Appendix,  rules  will  be  given  for  converting  the  degrees  of  other 
scales  to  that  of  Fahrenheit. 

III.  The  dilatations  and  contractions  of  the  fluid  in  the  mercurial 
thermometer,  are  nearly  proportional  to  the  quantities  of  caloric,  which 
are  communicated  to  the  same  homogeneous  bodies,  or  separated  from 
them,  so  Long  as  they  retain  the  same  form. 

Thus  a  quantity  of  caloric,  required  to  raise  a  body  20°  in  tem- 
perature, by  the  mercurial  thermometer,  is  nearly  double  that 
which  is  required  to  raise  it  10°.  Hence  there  appears  to  be  a 
pretty  accurate  proportion  between  the  increments  or  decrements 
of  heat,  and  the  increments  and  decrements  of  expansion  in  the 
mercury  of  a  thermometer.  On  this  principle,  if  equal  quantities 
of  hot  and  cold  water  be  mixed  together,  and  a  thermometer  be 
immersed  in  the  hot  water,  and  also  in  the  cold,  previously  to  the 
mixture,  the  instrument  should  point,  after  the  mixture,  to  the 
arithmetical  mean,  or  to  half  the  difference  of  the  separate  heats, 
added  to  the  less  or  subtracted  from  the  greater.  This  will  be 
proved  to  be  actually  the  fact,  from  the  following  experiment.  Mix 
a  pound  of  water  at  172°  with  a  pound  at  32°.  Half  the  excess 
of  the  caloric  of  the  hot  water  will  pass  to  the  colder  portion  ;  that 
is,  the  hot  water  will  be  cooled  70°,  and  the  cold  will  receive  70°  of 
temperature  ;  therefore  172  —  70,  or  32  4.  70  =  102,  will  give  the 
heat  of  the  mixture.  To  attain  the  arithmetical  mean  exactly,  se- 
veral precautions  must  be  observed.! 

*  82  An.  de  Ch.  174. 

|  See  Crawford  on  Animal  Heat,  p.  95,  &c 
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The  experiments  of  De  Luc,  however,  have  shown,  that  the  ra- 
tio of  expansion  does  not,  strictly,  keep  pace  with  the  actual  incre- 
ments of  temperature  ;  and  that  the  amount  of  the  expansion  in- 
creases with  the  temperature.  Thus,  if  a  given  quantity  of  mer- 
cury, in  being  heated  from  32  to  122°,  the  first  half  of  the  scale,  be 
expanded  14  parts,  in  being  raised  from   122  to  212,  the  higher 

-half,  it  will  be  expanded  15  parts. 

1  From  the  inquiries  of  Mr.  Dalton,  it  appears  to  follow,  that  the 
irregularity  of  the  expansion  of  mercury  is  considerably  greater 
than  has  been  stated  by  De  Luc.  By  the  common  mercurial  ther- 
mometer, we  cannot  ascertain  the  true  rate  of  expansion  in  quick- 
silver;  for  it  must  be  obvious  that  the  expansion  of  the  glass  ball, 
in  which  it  is  contained,  must  considerably  affect  the  result.  If  its 
capacity  remained  unaltered,  we  should  then  be  able  to  determine 
the  actual  rate  of  expansion  ;  but  by  an  increase  of  temperature  its 
capacity  is  enlarged,  and  space  is  thus  found  within  the  ball,  for  the 
expansion  of  that  mercury,  which  would  otherwise  be  driven  into 
the  tube.  By  knowing  the  rate  of  expansion  in  glass  itself,  we  can 
correct  this  error;  but  a  small  error  in  this  datum  will  lead  us  con- 
siderably wrong  as  to  the  true  expansion  of  quicksilver.  The  real 
expansion  of  mercury  in  glass  is  greater  than  the  apparent,  by  the 
expansion  of  the  glass  itself. 

Making  due  correction  from  this  circumstance,  Mr.  Dalton  has 
been  led  to  conclude  from  his  experiments,  that  notwithstanding 
the  apparent  diversities  of  expansion  in  different  fluids,  they  all  ac- 
tually expand  according  to  the  same  law  ;  viz.  that  the  quantity  of 
expansion  is  as  the  square  of  the  temperature  from  their  respective 
freezing  points,  or  from  their  points  of  greatest  density.  If,  then,  a 
thermometer  be  constructed,  with  degrees  corresponding  to  this 
law,  they  will  be  found  to  differ  very  considerably  from  those  of 
the  common  mercurial  thermometer,  in  which  the  space  between 
freezing  and  boiling  is  divided  into  180  equal  parts.  In  the  Ap- 
pendix will  be  found  a  table  showing  the  correspondence  between 
the  old  scale,  and  the  new  one  constructed  on  Mr.  Dalton's  prin- 
ciple. 

IV.  Uncombined  caloric  has  a  tendency  to  an  equilibrium. — Any 
number  of  different  bodies,  at  various  temperatures,  if  placed  under 
similar  circumstances  of  exposure,  all  acquire  a  common  tempera- 
ture. Thus,  if  in  an  atmosphere  at  60°,  we  place  iron  filings  heat- 
ed to  redness,  boiling  water,  water  at  32°,  and  various  other  bodies 
of  different  temperatures,  they  will  soon  affect  the  thermometer  in 
the  same  degree.  The  same  equalization  of  temperature  is  attain- 
ed, though  less  quickly,  when  a  heated  body  is  placed  in  the  vacuum 
of  an  air-pump.  The  rate  of  cooling  in  air  is  to  that  in  vacuo,  the 
temperatures  being  equal,  nearly  as  five  to  two. 

II.  Motion  of  Free  Caloric. —  1.  Its  Radiation. — 2.  Its  passage  through 
Solids  and  Fluids. 


Calo 
its  way 


ric  escapes  from  bodies  in  two  different  modes.— Part  of  it  finds 
through  space,  independently  of  other  matter,  and  with  im- 
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measurable  velocity.     In  this  state  it  has  been  called,  radiant  heat, 
or  radiant  caloric. 

Radiant  Caloric  exhibits  several  interesting  properties. 

1.  Its  re/lection,  (a)  Those  surfaces,  that  reflect  light  most  per- 
fectly, are  not  equally  adapted  to  the  reflection  of  caloric.  Thus, 
a  glass  mirror,  which  reflects  light  with  great  effect  when  held  be- 
fore a  blazing  fire,  scarcely  returns  any  heat,  and  the  mirror  itself 
becomes  warm.  On  the  contrary,  a  polished  plate  of  tin,  or  a  sil-* 
ver  spoon,  when  similarly  placed,  reflects,  to  the  hand,  a  very  sen- 
sible degree  of  warmth  ;  and  the  metal  itself  remains  cool.  Metals, 
therefore,  are  much  better  reflectors  of  caloric  than  glass  ;  and 
they  possess  this  property,  exactly  according  to  their  degree  of 
polish. 

(b)  Caloric  is  reflected  according  to  the  same  law  that  regulates 
the  reflection  of  light.  This  is  proved  by  an  interesting  experiment 
of  M.  Pictet;  the  means  of  repeating  which  may  be  attained  at  a 
moderate  expense.  Provide  two  reflectors  of  planished  tin  (a  and 
b,  fig.  45),  which  may  be  12  inches  diameter,  and  segments  of  a 
sphere  of  nine  inches  radius.  Parabolic  mirrors  are  still  better 
adapted  to  the  purpose;  but  their  construction  is  less  easy.  Each 
of  these  must  be  furnished,  on  its  convex  side,  with  the  means  of 
supporting  it  in  a  perpendicular  position  on  a  proper  stand.  Place 
the  mirrors  opposite  to  each  other  on  a  table,  at  the  distance  of  from 
six  to  twelve  feet.  Or  they  may  be  placed  in  a  horizontal  position, 
as  represented  in  the  fourth  plate  to  Sir  H.  Davy's  Chemical  Phi- 
losophy, an  arrangement  in  some  respects  more  convenient.  In  the 
focus  of  one,  let  the  ball  of  an  air  thermometer,  c,  or  (which  is  still 
better)  one  of  the  balls  of  a  differential  thermometer,  be  situated; 
and  in  that  of  the  other,  suspend  a  ball  of  iron,  about  four  ounces 
in  weight,  and  heated  below  ignition,  or  a  small  mattras  of  hot  wa- 
ter, d ;  having  previously  interposed  a  screen  before  the  thermo- 
meter. Immediately  on  withdrawing  the  screen,  the  depression 
of  the  column  of  liquid,  in  the  air  thermometer,  evinces  an  increase 
of  temperature  in  the  instrument.  In  this  experiment,  the  caloric 
flows  first  from  the  heated  ball  to  the  nearest  reflector  ;  from  this  it 
is  transmitted,  in  parallel  rays,  to  the  surface  of  the  second  reflector, 
by  which  it  is  collected  into  a  focus  on  the  instrument.  This  is 
precisely  the  course  that  is  followed  by  radiant  light ;  for  if  the 
flame  of  a  taper  be  substituted  for  the  iron  ball,  the  image  of  the 
candle  will  appear  precisely  on  that  spot  (a  sheet  of  paper  being 
presented  for  its  reception)  where  the  rays  of  caloric  were  before 
concentrated. 

(c)  When  a  glass  vessel,  filled  with  ice  or  snow,  is  substituted 
for  the  heated  ball,  the  course  of  the  coloured  liquid  in  the  ther- 
mometer will  be  precisely  in  the  opposite  direction ;  for  its  ascent 
will  show,  that  the  air  in  the  ball  is  cooled  by  this  arrangement. 
This  experiment,  which  appears,  at  first  view,  to  indicate  the  re- 
flection of  cold,  presents,  in  fact,  only  the  reflection  of  heat  in  an 
opposite  direction;  the  ball  of  the  thermometer  being,  in  this  in- 
stance, the  hotter  body.  "  And  since  heat  emanates  from  bodies 
in  quantities  greater  as  their  temperature    is  higher,  the  intro- 
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duction  of  a  cold  body  into  the  focus  of  one  mirror,  necessarily 
diminishes  the  temperature  of  a  thermometer  in  the  focus  of  the 
other,  in  the  same  manner  as  a  black  body  placed  in  the  focus  of 
the  one,  would  diminish  the  quantity  of  light  in  the  focus  of  the 
other."* 

(d)ln  Mr.  Leslie's  "Enquiry  into  the  Nature,  &c.of  Heat,"  a  varie- 
ty of  important  experiments  are  detailed,  which  show  the  influence  of 
covering  the  reflectors  with  various  substances,  or  of  mechanically 
changing  the  nature  of  their  surfaces,  on  their  power  of  returning 
caloric 

2.  Caloric  is  refracted,  also,  according  to  the  same  law  that  regu- 
lates the  refraction  of  light  This  interesting  discovery  we  owe  to 
Dr.  Herschel,  whose  experiments  and  apparatus,  however,  cannot 
be  understood  without  the  assistance  of  a  plate.  For  this  reason,  I 
refer  to  his  paper  in  the  90th  vol.  of  the  Philosophical  Transactions, 
or  in  the  7th  vol.  of  the  Philosophical  Magazine. 

3.  The  nature  of  the  surface  of  bodies  has  an  important  influence 
over  their  power  of  radiating  caloric. 

To  exhibit  this  influence  experimentally,  let  a  canister  of  planish- 
ed block  tin,  forming  a  cube  of  six  or  eight  inches,  be  provided, 
having  an  orifice  at  the  middie  of  its  upper  side,  from  half  an  inch 
to  an  inch  diameter,  and  the  same  in  height.  This  orifice  is  intend- 
ed to  receive  a  cap  having  a  small  hole,  through  which  a  thermo- 
meter is  inserted,  so  that  its  bulb  may  reach  the  centre  of  the  canis- 
ter. Let  one  side  of  the  canister  be  covered  with  black  paint;  des- 
troy the  polish  of  another  side,  by  scratching  it  with  sand-paper; 
tarnish  a  third  with  quicksilver ;  and  leave  the  fourth  bright.  Then 
fill  the  vessel  with  boiling  water.  The  radiation  of  caloric  from 
the  blackened  side  is  so  much  more  abundant  than  from  the  others, 
as  to  be  even  sensible  to  the  hand.  Place  it  before  a  reflector  (fig. 
45),  in  lieu  of  the  heated  iron  ball  already  described.  The  thermo- 
meter, in  the  focus  of  the  second  reflector,  will  indicate  the  high- 
est temperature,  or  most  copious  radiation  of  caloric,  when 
the  blackened  side  is  presented  to  the  reflector ;  less  when  the  tar- 
nished or  scratched  side  is  turned  towards  it;  and  least  of  all  from 
the  polished  side. 

4.  These  varieties  in  the  radiating  power  of  different  surfaces, 
are  attended,  as  might  he  expected,  with  corresponding  variations 
in  the  rate  of  cooling.  If  water,  in  a  tin  vessel,  all  of  whose  sides 
are  polished,  cools  through  a  given  number  of  degrees  in  eighty- 
one  minutes,  it  will  descend  through  the  same  number  in  seventy- 
two  minutes,  if  the  surface  be  tarnished  with  quicksilver.  Water, 
also,  enclosed  in  a  clean  and  polished  tin  ball,  cools  about  twice 
more  slowly  than  water  in  the  same  ball  covered  with  oiled  paper. 
Blackening  the  surface  with  paint,  on  the  same  principle,  acce- 
lerates greatly  the  rate  of  cooling.  These  facts  teach  us,  that 
vessels,  in  which  fluids  are  to  be  long  kept  hot,  should  have 
their  surfaces  brightly  polished  ;  and   they   explain,    among  other 
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things,  the  superiority  of  metallic  tea-pots  over  those  of  earthen- 
ware. 

5.  Radiant  caloric  is  absorbed  with  different  facility  by  different 
surfaces.  This  is  only  stating,  in  other  terms,  that  surtaces  are  endow- 
ed with  various  powers  of  reflecting  caloric  ;  since  the  power  of  ab- 
sorbing caloric  is  precisely  opposite  to  that  of  reflecting  it.  Hence 
the  best  reflectors  of  heat  will  absorb  the  least.  It  may  be  pro- 
per, however,  to  offer  some  illustrations  of  the  principle  under  this 
form. 

(a)  Expose  the  bulb  of  a  sensible  thermometer  to  the  direct  rays 
oi  the  sun.  On  a  hot  summer's  day  it  will  probably  rise,  in  this 
climate,  to  108°*.  Cover  it  with  Indian  ink,  and  again  expose  it  in 
a  similar  manner.  During  the  evaporation  of  the  moisture  it  will 
fall  ;  but  as  soon  as  the  coating  becomes  dry,  it  will  ascend  to  1 18°, 
or  upwards,  of  Fahrenheit, or  10°  higher  than  when  uncovered  with 
the  pigment.  This  cannot  be  explained,  by  supposing  that  the  black 
coating  is  gifted  with  the  power  of  retaining  caloric,  and  prevent- 
ing its  escape;  because,  from  experiments  already  related,  it  ap- 
pears, that  a  similar  coating  accelerates  the  cooling  of  a  body  to 
which  it  is  applied. 

(b)  Colour  has  considerable  influence  over  the  absorption  of  ca- 
loric. This  is  shown  by  the  following  very  simple  experiment  of 
Dr.  Franklin  f 

On  a  winter's  day,  when  the  ground  is  covered  with  snow,  take 
four  pieces  of  woollen  cloth,  of  equal  dimensions  but  of  different 
colours,  viz.  black,  blue,  brown,  and  white,  and  lay  them  on  the 
surface  of  the  snow,  in  the  immediate  neighbourhood  of  each  other. 
In  a  few  hours,  the  black  cloth  will  have  sunk  considerably  below 
the  surface;  the  blue  almost  as  much;  the  brown  evidently  less; 
and  the  white  will  remain  precisely  in  its  former  situation.  Thus,  it 
appears,  that  the  sun's  rays  are  absorbed  by  the  dark  coloured 
cloth,  and  excite  such  a  durable  heat,  as  to  melt  the  snow  under- 
neath ;  but  they  have  not  the  power  of  penetrating  the  white.  Hence 
the  preference,  generally  given  to  dark  coloured  cloths  during  the 
winter  season,  and  to  light  coloured  ones  in  summer, appears  to  be 
founded  on  reason. 

(c)  This  experiment  has  been  varied  by  Sir  H.  Davy,  in  a  man- 
ner which  may  be  repeated  at  any  season  of  the  year.  Take  six 
similar  pieces  of  sheet  copper,  each  about  an  inch  square,  and  co- 
lour the  one  white,  another  yellow,  a  third  red,  the  fourth  green,  the 
fifth  blue,  and  the  sixth  black.  On  the  centre  of  one  side  of  each 
piece,  put  a  small  portion  of  a  mixture  of  oil  and  wax,  or  cerate, 
which  melts  at  about  76°.  Then  expose  their  coloured  surfaces, 
under  precisely  equal  circumstances,  to  the  direct  rays  of  the  sun. 
The  cerate  on  the  black  plate  will  begin  to  melt  perceptibly  before 
the  red  ;  the  blue  next;  then  the  green  and  the  red;  and, lastly,  the 

*  Watson's  Essays,  v.  193. 

|  This  experiment  ascribed  to  Franklin,  was  made  long  before  his  time  by 
Hooke  ;  and  also  by  Boerhaave  as  may  be  seen  in  his  excellent  work  on  Chemis- 
try, vol.  1,  p.  262.  Expt.  13.  2d  Edit,  by  Shaw.    C. 
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yellow.     The  white  will  scarcely  be  affected,  when  the  black  is  in 
complete  fusion. 

Caloric  passes,  also,  but  much  more  slowly,  through  solid 
and  liquid  bodies,  which  are  then  termed,  conductors  of 
caloric. 

1.  Solid  bodies  convey  heat  in  all  directions, upwards,  downwards, 
and  laterally  ;  as  may  be  shown,  by  heating  the  middle  of  an  iron 
rod,  and  holding  it  in  different  directions. 

2.  Some  bodies  conduct  caloric  much  more  quickly  than  others. 
Coat  two  rods,  of  equal  length  and  thickness,  the  one  of  glass,  the 
other  of  iron,  with  wax,  at  one  end  of  each  only  ;  and  then  apply  heat 
to  the  uncoated  ends.  The  wax  will  be  melted  vastly  sooner  from 
the  end  of  the  iron  rod,  than  from  the  glass  one ;  which  shows,  that 
iron  conducts  heat  more  quickly  than  glass. 

Even  the  different  metals  possess  very  different  powers  of  conduct- 
ing caloric.  An  approximation  to  the  degree  in  which  they  possess  this 
property,  may  be  attained  by  the  following  method,  originally  employ- 
ed by  Dr.Ir.genhouz.  Procure  several  solid  cylinders,  or  rods,  of  the 
same  size  and  shape,  but  of  different  metals.  They  may  be  six 
inches  long,  and  one  4th  of  an  inch  in  diameter.  Coat  them,  with- 
in about  an  inch  of  one  end,  with  bees-wax,  by  dipping  them  into 
this  substance  when  melted,  and  allowing  the  covering.jto  congeal. 
Let  an  iron  heater  be  provided,  in  which  small  holes  have  been 
drilled,  that  exactly  receive  the  clean  ends  of  the  cylinders.  After 
heating  it  below  ignition,  insert  the  cylinders  in  their  places.  The 
conducting  power  may  be  estimated  by  the  length  of  wax  coat- 
ing melted  from  each  in  a  given  time.  According  to  the  ex- 
periments of  Dr.  Ingenhouz,  the  metals  may  be  arranged  in  the 
following  order  :  Silver  possesses  the  highest  conducting  power  ; 
next  gold;  then  copper  and  tin,  which  are  nearly  equal;  and,  be- 
low these,  platina,  iron,  steel,  and  lead,  which  are  greatly  inferior 
to  the  rest. 

It  is  chiefly  owing  to  the  different  conducting  powers  of  bodies, 
that  they  affect  us,  when  we  touch  them,  with  different  sensations 
of  cold.  Thus,  if  we  apply  the  hand  in  succession  to  a  number  of 
bodies,  (as  a  piece  of  wood,  another  of  marble,  &c),  they  appear 
cold  in  very  different  degrees.  And  as  this  sensation  is  occasion- 
ed by  the  passage  of  caloric  out  of  the  hand  into  the  body  which  it 
touches,  that  body  will  feel  the  coldest,  which  carries  away  heat 
the  most  quickly  ;  or  which,  in  other  words,  is  the  best  conductor. 
For  the  same  reason,  of  two  bodies  which  are  heated  to  the  same 
degree,  and  both  considerably  above  the  hand,  the  best  conductor 
is  the  hottest  to  the  touch.  Thus  the  money  in  our  pockets  often 
feels  hotter  than  the  clothes  which  contain  it. 

3.  Liquid  and  aeriform  bodies  convey  heat  on  a  different  princi- 
ple from  that  observed  in  solids,  viz.  by  an  actual  change  in  the  si- 
tuation of  their  particles.  That  portion  of  the  fluid,  which  is 
nearest  to  the  source  of  heat,  is  expanded,  and  becoming  specifical- 
ly lighter,  ascends,  and  is  replaced  by  a  colder  portion  from  above. 
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This,  in  its  turn,  becomes  heated  and  dilated,  and  gives  way  to  a 
second  colder  portion  :  and  thus  the  process  goes  on,  as  long  as 
the  fluid  is  capable  of  imbibing  heat. 

(a)  Take  a  glass  tube,  eight  or  10  inches  long,  and  about  an  inch 
in  diameter.  Pour  into  the  bottom  part,  for  about  the  depth  of  an 
inch,  a  little  water  tinged  with  litmus,  and  then  fill  up  the  tube  with 
common  water,  pouring  on  the  latter  extremely  gently,  so  as  to 
keep  the  two  strata  quite  distinct.  If  the  upper  part  of  the  tube 
be  first  heated,  the  coloured  liquor  will  remain  at  the  bottom.  But 
if  the  tube  be  afterwards  heated  at  the  bottom,  the  infusion  will  as- 
cend, and  will  tinge  the  whole  mass  of  fluid. 

(6)  Into  a  cylindrical  glass  jar,  four  inches  diameter,  and  12  or 
14  deep,  let  a  circular  piece  of  ice  be  fitted  3 £  inches  thick,  and  of 
rather  less  diameter  than  the  jar.  Or  water  may  be  poured  into 
the  jar  to  the  depth  of  3£  inches,  and  allowed  to  congeal  by  expo- 
sure to  a  freezing  atmosphere,  or  by  surrounding  it  with  a  mixture 
of  snow  and  salt.  -  The  ice  is  to  be  secured  in  its  place  by  two 
slips  of  wood,  crossing  each  other  like  two  diameters  of  a  circle, 
set  at  right  angles  to  each  other.  Pour,  over  the  cake  of  ice,  wa- 
ter of  32"  temperature,  to  the  depth  of  two  inches  ;  and  on  its  sur- 
face let  there  float  a  shallow  circular  wooden  box,  perforated  with 
holes.  From  the  cock  of  a  tea-urn,  filled  with  boiling  water,  and 
raised  so  that  its  spout  may  be  above  the  top  of  the  jar,  suspend  a 
number  of  moistened  threads,  the  lower  ends  of  which  must  rest 
on  the  surface  of  the  box.  By  this  arrangement,  when  the  cock 
is  turned,  the  hot  water  will  trickle  down  the  threads,  and  will  have 
its  fall  considerably  broken.  It  will  then  spread  over  the  surface 
of  the  box,  and  pass  through  the  perforated  holes  to  the  cold  water 
beneath,  over  which  it  will  float  without  mixing  with  it.  Letthe  jar  be 
thus  completely  filled  with  hot  water.  The  ice  will  remain  un- 
melted  for  several  hours  at  the  bottom  of  the  vessel. 

(c)  Fill  a  similar  jar  with  hot  water;  and,  having  provided  a 
cake  of  ice,  of  equal  size  with  the  former  one,  let  it  be  placed  on 
the  surface  of  the  water.  In  about  three  minutes,  the  whole  will 
be  melted.  Both  these  experiments  are  more  striking,  if  the  wa- 
ter, used  for  forming  the  cakes  of  ice,  be  previously  coloured  with 
litmus;  for,  in  the  latter  experiment,  the  descending  currents  of 
cold  water  are  thus  made  apparent. 

(r/)  These  experiments  may  be  varied,  by  freezing,  in  the  bot- 
tom of  a  tube  one  inch  wide,  a  portion  of  water,  about  two  inches 
in  depth.  Then  fill  the  tube  with  water  of  the  common  tempera- 
ture, and  hold  it  inclined  over  an  Argand's  lamp,  so  that  the  upper 
portion  only  of  the  tube  may  be  heated.  When  thus  disposed,  the 
water  may  be  made  to  boil  violently  at  the  surface,  and  yet  the  ice 
will  not  be  melted.  But  if  the  experiments  be  reversed,  and  (the 
ice  floating  on  the  surface)  heat  be  applied  to  the  bottom  of  the 
tub,  the  ice  will  be  liquefied  in  a  few  seconds. 

(e)  Substituting  water  of  the  temperature  of  41°  for  the  boiling 
water  used  in  experiment  (c),  Count  Rumford  found,  that,  in  a  given 
time,  a  much  greater  quantity  of  ice  was  melted  by  the  cooler  wa- 
ter.    This  appears,  on  first  view,  rather  paradoxical.     The  fact. 
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however,  is  explained  by  a  remarkable  property  of  water,  viz.  that 
when  cooled  below  40°  it  ceases  to  contract,  and  experiences,  on 
the  contrary,  an  enlargement  of  bulk.  Water,  therefore,  at  40° 
(at  the  bottom  of  which  is  a  mass  of  ice  at  32°),  is  cooled  by  con- 
tact with  the  ice,  and  is  expanded  at  the  same  moment.  It  there- 
fore ascends,  and  is  replaced  by  a  heavier  and  warmer  portion  from 
above. 

It  is  a  consequence  of  the  same  property  that  the  surface  of  a 
deep  lake  is  sometimes  covered  with  ice,  even  when  the  water  be- 
low is  only  cooled  to  40°;  for  the  superficial  water  is  specifically 
lighter  than  the  warmer  water  beneath  it,  and  retains  its  place,  till 
it  is  changed  into  ice.  This  property  of  water  is  one  of  the  most 
remarkable  exceptions  to  the  law,  that  bodies  are  expanded  by  an 
increase,  and  contracted  by  a  diminution,  of  temperature. 

From  these  facts,  Count  Rumford  concluded,  that  water  is  a  per- 
fect non-conductor  of  caloric,  and  that  it  propagates  caloric  in  one 
direction,  viz.  upwards,  in  consequence  of  the  motions  which  It 
occasions  among  the  particles  of  the  fluid.  The  Count  inferred 
also,  that  if  these  motions  could  be  suspended,  caloric  would  cease 
to  pass  through  water  ;  and,  with  the  view  of  deciding  this  question, 
he  made  the  following  experiments,  which  admit  of  being  easily- 
repeated.  A  cylindrical  tin  vessel  must  previously  be  provided, 
two  inches  in  diameter,  and  1\  inches  deep,  having  a  moveable 
cover,  perforated  with  a  small  aperture,  for  transmitting  the  stem 
of  a  thermometer,  which  is  to  be  inserted  so  that  its  bulb  may  oc- 
cupy the  centre  of  the  vessel. 

(/)  Fill  this  vessel  with  water  of  the  temperature  of  the  atmo- 
sphere ;  let  the  cover  be  put  in  its  place ;  and  let  the  whole  appara- 
tus, except  the  scale  of  the  thermometer,  be  immersed  in  water, 
which  is  to  be  kept  boiling  over  a  lamp.  Observe  how  long  a  time 
is  required  to  raise  the  water  from  its  temperature  at  the  outset  to 
180°,  and  remove  it  from  its  situation.  Note,  also,  how  long  it 
takes  to  return  to  its  former  temperature. 

(#")  Repeat  the  experiment,  having  previously  dissolved  in  the 
water  200  grains  of  common  starch.  The  thermometer  will  now 
require  about  half  as  long  again  to  arrive  at  the  same  temperature. 
A  similar  retardation,  and  to  a  greater  amount,  is  produced  by  the 
mixture  of  eider-down,  cotton-wool,  and  various  other  substances, 
which  are  not  chemically  soluble  in  water,  and  which  can  diminish 
its  conducting  power  in  no  other  way  than  by  obstructing  the  mo- 
tion of  its  particles. 

This  inference,  however,  respecting  the  complete  non-conduct- 
ing power  of  water,  has  been  set  aside  by  the  subsequent  inquiries 
of  Dr.  Thomson  and  Mr.  Murray,  especially  by  a  most  decisive  ex- 
periment of  the  latter.  To  establish  the  conducting  power  of  wa- 
ter, it  was  justly  deemed  indispensable,  that  caloric  should  be 
proved  to  be  propagated  through  that  fluid  downwards.  This, 
on  actual  trial,  it  appeared  to  be ;  but  it  was  objected,  that  the 
sides  of  the  containing  vessel  might  be  the  conductor.  To  obviate 
this  objection,  Mr.  Murray  contrived  to  congeal  water  into  the  form 
of  a  jar  capable  of  holding  liquids.     This    was  separately  filled 
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with  linseed  oil  and  with  mercury.  At  a  proper  distance  below  the 
surface,  the  bulb  of  a  thermometer  was  placed  ;  and  on  the  surface 
of  the  liquid  rested  a  flat  iron  vessel,  containing  boiling  water. 
Under  these  circumstances,  the  thermometer  invariably  rose; 
and  though  it  ascended  only  a  very  few  degrees,  yet  it  must  be  re- 
collected, that  the  cooling  power  of  the  sides  of  the  vessel  would 
effectually  prevent  any  considerable  elevation  of  temperature.  This 
experiment,  in  conjunction  with  others,  decisively  proves,  that  wa- 
ter is  a  conductor,  though  a  slow  or  imperfect  one,  of  caloric. 


SECTION  III. 

Caloric  the  Cause  of  Fluidity. 

I.  The  temjierature  of  melting  snow,  or  of  thawing  ice,  is  uniformly 
the  same  at  all  times,  and  in  all  places. — This  may  be  ascertained  by 
the  thermometer,  which  will  always,  when  immersed  in  liquefying 
ice  or  snow,  point  to  32°  of  Fahrenheit,  whatsoever  may  be  the 
height  of  the  barometer,  or  the  elevation,  above  the  sea,  of  the  place 
where  the  experiment  is  made*. 

II.  The  sensible  heat,  or  temjierature  of  ice,  is  not  changed  by  li- 
quefaction.— A  thermometer  in  pounded  ice  stands  at  32°,  and  at 
the  very  same  point  in  the  water  which  results  from  the  liquefac- 
tion ot  ice. 

III.  Yet  ice,  during  liquefaction,  must  absorb  much  caloric. — Ex- 
pose a  pound  of  water  at  32°,  and  a  pound  of  ice  at  32°,  in  a  room, 
the  temperature  of  which  is  several  degrees  above  the  freezing 
point,  and  uniformly  the  same  during  the  experiment.  The  water 
will  arrive  at  the  temperature  of  the  room,  several  hours  before  the 
ice  is  melted]  ;  and  the  melted  ice  will  have,  as  before  its  liquefac-  -. 
tion,  the  temperature  of  52°.  Yet  the  ice  must,  during  the  whole 
of  this  time,  have  been  imbibing  caloric,  because  (according  to  Ex- 
periment IV.  §  2.)  a  colder  body  can  never  be  in  contact  with  a 
warmer  one,  without  receiving  caloric  from  it.  The  caloric,  there- 
fore, which  has  entered  the  ice,  but  is  not  to  be  found  in  it  by  the 
thermometer,  is  said  to  have  become  latent.  As  it  is  the  cause  of 
the  liquefaction  of  the  ice,  it  is  sometimes  called  caloric  of  fluid- 
ity\ 

IV.  The  quantity  of  caloric  that   enters  into  a  pound  of  ice,  and 

becomes  latent, during  liquefacion,  may  be  learned  by  exfierimciit. To 

a  pound  of  water,  at  172°,  add  a  pound  of  ice  at  32°.  The  tempe- 
rature will  not  be  the  arithmetical  mean  (102°,)  but  much  below  it, 
viz.  32°.     All  the  excess  of  caloric  in  the  hot  water  has  therefore 

*  Shuckburgh,  Philosophical  Transactions,  Ixix. 

-J-  How  does  this  comport  with  the  fact  stated  in  the  preceding'  section  11  ?  C 

$  Caloric  of  fluidity  seems  to  be  a  better  term  than  latent  heat,  and  its  use 

would  perhaps  obviate  some  difficulties  in  comprehending  the  subject  of  heat 

There  are  many  other  cases  in  which  caloric  may  be  considered  as  latent,  without 

producing  fluidity.   C. 
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tlisappeared.  From  172°  take  32°;  the  remainder,  140°,  shows 
the  quantity  ot  caloric  that  enters  into  a  pound  of  ice  during  lique- 
faction ;  that  is,  as  much  caloric  is  absorbed  by  a  pound  of  ice  dur- 
ing its  conversion  into  water,  as  would  raise  a  pound  of  water  from 
32°  to  172°. 

It  is  from  the  property  of  its  uniformly  absorbing  the  same  quan- 
tity of  caloric  for  conversion  into  water,  that  ice  has  been  ingenious- 
ly applied,  by  Lavoisier  and  Laplace,  to  the  admeasurement  of  the 
heat,  evolved  in  certain  operations.  Let  us  suppose  the  body  (from 
which  the  caloric,  evolved  either  by  simple  cooling  or  combustion, 
is  to  be  measured)  to  be  inclosed  in  a  hollow  sphere  of  ice,  with  an 
opening  at  the  bottom.  When  thus  placed,  the  heat,  which  is  given 
out,  will  be  all  employed  in  melting  the  ice  ;  and  will  produce  this 
effect  in  direct  proportion  to  its  quantity.  Hence  the  quantity  of 
ice,  which  is  converted  into  water,  will  be  an  accurate  measure  of 
the  caloric,  that  is  separated  from  the  body  submitted  to  experi- 
ment. In  this  way  Lavoisier  ascertained,  that  equal  weights  of 
different  combustible  bodies  melt,  by  burning,  very  diffex*ent  weights 
of  ice.  The  apparatus  which  he  employed  for  this  purpose,  he  has 
called  the  calorimeter.  Its  construction  can  scarcely  be  understood 
without  the  plate,  which  accompanies  the  description  in  his  "  Ele- 
ments of  Chemistry." 

V.  Other  examples  of  the  absorption  of  caloric,  during  the  lique- 
faction of  bodies,  are  furnished  by  the  mixture  of  snow  and  nitric 
acid,  or  of  snow  and  common  salt,  both  of  which,  in  common  lan- 
guage, produce  intense  cold. 

1.  Dilute  a  portion  of  nitric  acid  with  an  equal  weight  of  water  ; 
and,  when  the  mixture  has  cooled,  add  to  it  a  quantity  of  light  fresh- 
fallen  snow.  On  immersing  the  thermometer  in  the  mixture,  a  ve- 
ry considerable  reduction  of  temperature  will  be  observed.  This 
is  owing  to  the  absorption,  and  intimate  fixation,  of  the  free  caloric 
of  the  mixture,  by  the  liquefying  snow. 

2.  Mix  quickly  together  equal  weights  of  fresh-fallen  snow  at 
38°,  and  of  common  salt  cooled,  by  exposure  to  a  freezing  atmo- 
sphere, down  to  32°.  The  two  solid  bodies,  on  admixture,  will 
rapidly  liquefy;  and  the  thermometer  will  sink  32°,  or  to  0 ;  or, 
according  to  Sir  C.  Blagden,  to  4°  lower.*  To  understand  this  ex- 
periment, it  must  be  recollected,  that  the  snow  and  salt,  though  at 
the  freezing  temperature  of  water,  have  each  a  considerable  por- 
tion of  uncombined  caloric.  Now,  salt  has  a  strong  affinity  for  wa- 
ter; but  the  union  cannot  take  place  while  the  water  continues 
solid.  In  order,  therefore,  to  act  on  the  salt,  the  snow  absorbs  all 
the  free  caloric  required  for  its  liquefaction  ;  and  during  this 
change,  the  free  caloric,  both  of  the  snow  and  of  the  salt,  amount- 
ing to  32°,  becomes  latent,  and  is  concealed  in  the  solution.  This 
solution  remains  in  a  liquid  state  at  0,  or  4"  below  0  of  Fahrenheit; 
but  if  a  greater  degree  of  cold  be  applied  to  it,  the  salt  separates  in 
a  concrete  form. 

3.  Most  neutral  salts,  also,  during  solution  in  water  absorb  much 

*  Philosophical  Transactions,  lxxvii.  281. 
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caloric  ;  and  the  cold,  thus  generated,  is  so  intense  as  to  freeze  wa- 
ter, and  even  to  congeal  mercury.  The  lormer  experiment,  how- 
ever, (viz.  the  congelation  of  water,)  may  easily  be  repeated  on  a 
summer's  day.  Add  to  32  drachms  of  water,  11  drachms  ol  muri- 
ate of  ammonia,  10  of  nitrate  of  potash,  and  16  of  sulphate  of  soda, 
all  finely  powdered.  The  salts  may  be  dissolved  separately,  in  the 
order  set  down  A  thermometer,  put  into  the  solution,  will  show, 
that  the  cold  produced  is  at  or  below  freezing;  and  a  little  water, 
in  a  thin  glass  tube,  being  immersed  in  the  solution,  will  be  frozen 
in  a  few  minutes.  Various  other  freezing  mixtures  are  described 
in  Mr.  Walkers  papers  in  the  Philosophical  Transactions  for  1787, 
88,  89,  95,  and  1801.  Of  these  the  table,  given  in  the  Appendix, 
for  which  lam  indebted  to  the  obliging  communication  of  the  au- 
thor, contains  an  arranged  abstract. 

4  Crystallized  muriate  of  lime,  when  mixed  with  snow,  pro- 
duces a  most  intense  degree  of  cold.  This  property  was  discover- 
ed some  years  ago  by  M.  Lovitz,  of  St.  Petersburg,  and  has  been 
since  applied,  in  this  country,  to  the  congelation  of  mercury  on  a 
very  extensive  scale.  The  proportions  which  answer  best  are, 
about  equal  weights  of  the  salt  finely  powdered,  and  of  fresh-fallen 
and  light  snow.  On  mixing  these  together,  and  immersing  a  ther- 
mometer in  the  mixture,  the  mercury  sinks  with  great  rapidity. 
For  measuring  exactly  the  cold  produced,  a  spirit-thermometer, 
graduated  to  50°  below  0  of  Fahrenheit,  or  still  lower,  should  be 
employed.  A  few  pounds  of  the  salt  are  sufficient  to  congeal  a  large 
mass  of  mercury.  By  means  of  13  pounds  of  the  muriate,  and  an 
equal  weight  of  snow,  Messrs.  Pepys  and  Allen  froze  56  pounds  of 
quicksilver  into  a  solid  mass.  The  mixture  of  the  whole  quantity 
of  salt  and  snow,  however,  was  not  made  at  once,  but  part  was  ex- 
pended in  cooling  the  materials  themselves. 

On  a  small  scale  it  may  be  sufficient  to  employ  two  or  three 
pounds  of  the  salt.  Let  a  few  ounces  of  mercury,  in  a  very  thin 
glass  retort,  be  immersed,  first  in  a  mixture  of  one  pound  of  each; 
and,  when  this  has  ceased  to  act,  let  another  similar  mixture  be 
prepared.     The  second  will  never  fail  to  congeal  the  quicksilver. 

In  plate  iv.  fig.  42,  a  very  simple  and  cheap  apparatus  is  repre- 
sented, which  I  have  generally  employed  to  freeze  mercury.  The 
dimensions  will  be  given  in  the  description  of  the  plates*. 

The  salt  thus  expended  may  be  again  evaporated,  and  crystallized 
for  future  experiments. 

The  reader,  who  wishes  for  farther  particulars  respecting  these 
experiments,  is  referred  to  the  Philosophical  Magazine,  vol.  iii. 
p.  76. 

VI.  On  the  contrary,  liquids,  in  becoming  solid,  evolve  or  give  out 
caloric,  or,  in  common  language,  produce  heat. 

1.  Water,  if  kept  perfectly  free  from  agitation,  may  be  cooled 
down  several  degrees  below  32°  ;  but,  on  shaking  it,  it  immediately 
congeals,  and  the  temperature  rises  to  32°. 

2.  Expose  to  the  atmosphere,  when  at  a  temperature  below  frcez- 

*  See  Appendix. 
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ing  (for  example,  at  25°  of  Fahrenheit),  two  equal  quantities  of  wa- 
ter, in  one  only  ot  which  about  a  fourth  of  its  weight  of  common 
salt  has  been  dissolved.  The  saline  solution  will  be  gradually 
cooled,  without  freezing,  to  25°.  The  pure  water  will  gradually 
descend  to  32°,  and  will  there  remain  stationary  a  considerable 
time  before  it  congeals.  Yet  while  thus  stationary,  it  cannot  be 
doubted,  that  the  pure  water  is  yielding  caloric  to  the  atmosphere, 
equally  with  the  saline  solution  ;  for  it  is  impossible  that  a  warmer 
body  can  be  surrounded  by  a  cooler  one,  without  imparting  caloric 
to  the  latter.  The  reason  of  this  equitable  temperature  is  well  ex- 
plained by  Dr.  Crawford.  (On  Heat,  p.  80.)  Water,  he  observes, 
during  freezing,  is  acted  upon  by  two  opposite  powers :  it  is  de- 
prived of  caloric  by  exposure  to  a  medium,  whose  temperature  is 
below  32°;  and  it  is  supplied  with  caloric,  by  the  evolution  of  that 
principle  from  itself,  viz.  of  that  portion  which  constituted  its 
fluidity.  As  these  powers  are  exactly  equal,  the  temperature  of 
the  water  must  remain  unchanged,  till  the  caloric  of  fluidity  is  all 
evolved. 

3.  The  evolution  of  caloric,  during  the  congelation  of  water,  is 
well  illustrated  by  the  following  experiment  of  Dr.  Crawford  : — 
Into  a  round  tin  vessel  put  a  pound  of  powdered  ice  ;  surround  this 
by  a  mixture  of  snow  and  salt  in  a  larger  vessel;  and  stir  the  ice 
in  the  inner  one,  till  its  temperature  is  reduced  to  -f  4°  of  Fahren- 
heit. To  the  ice  thus  cooled,  add  a  pound  of  water  at  32°.  One 
5th  of  this  will  be  frozen  ;  and  the  temperature  of  the  ice  will  rise 
from  4°  to  32°.  In  this  instance,  the  caloric,  evolved  by  the  conge- 
lation of  one  5th  of  a  pound  of  water,  raises  the  temperature  of  a 
pound  of  ice  28°. 

4.  If  we  dissolve  sulphate  of  soda  in  water,  in  the  proportion  of 
one  part  to  five,  and  surround  the  solution  by  a  freezing  mixture, 
it  cools  gradually  down  to  31°.  The  salt,  at  this  point,  begins  to 
be  deposited,  and  stops  the  cooling  entirely.  This  evolution  of  ca- 
loric, during  the  separation  of  a  salt,  is  exactly  the  reverse  of  what 
happens  during  its  solution.* 

5  To  a  saturated  solution  of  sulphate  of  potash  in  water,  or  of 
any  salt  that  is  insoluble  in  alcohol,  add  an  equal  measure  of  alco- 
hol. The  alcohol,  attracting  the  water  more  strongly  than  the  salt 
retains  it,  precipitates  the  salt,  and  considerable  heat  is  produced. f 

*  Blagden,  Philosophical  Transactions,  lxxviii.  290. 

f  Dr.  Henry  has  well  remarked  in  a  preceding  page,  that  "  the  inquiry  re- 
specting- heat  is  one  which  presents  a  boundless  field  for  interesting  specula- 
tion." That  part  of  the  inquiry  which  relates  to  Latent  Heat,  or  Caloric  of  Flu- 
idity, is  not  inferior  in  this  respect  to  any  other.  Although  we  cannot  doubt  the 
fact  of  caloric  being  thus  rendered  latent,  or  evolved,  according  to  the  change 
of  state  in  bodies  ;  yet  great  difficulty  occurs  as  to  its  explanation,  conformably 
to  the  ideas  of  the  illustrious  discoverer  of  latent  heat.  I  shall  here  barely  pro- 
pose for  consideration,  the  observation  made  in  the  "  Conversations  on  Chemis- 
try," (p  89,  Am.  edit.)  by  one  of  the  presumed  pupils  of  Mrs.  B — and  I  may 
add,  the  further  this  observation  is  considered,  the  more  difficult  does  it  evince 
the  common  received  opinions  on  the  subject  of  heat  to  be. — "  According  to  this 
theory  of  latent  heat,  it  appears  to  me  (says  Miss  Emily)  that  the  weather  should  be 
warm  when  it  freezes,  and  cold  in  a  thaw:  for  latent  heat  is  liberated  from  every 
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SECTION  IV. 

Caloric  the  Cause  of  Vapour. 

I.  Every  liquid,  when  of  the  same  degree  of  chemical  purity,  and 
under  equal  circumstances  of  atmospheric  pressure,  has  one  peculiar 
point  of  temperature,  at  which  it  invariably  boils. — Thus,  pure  water 
always  boils  at  212°,  alcohol  at  176°,  and  ether  at  98°,  Fahrenheit; 
and,  when  once  brought  to  the  boiling  point,  no  liquid  can  be  made 
hotter,  however  long  the  application  of  heat  be  continued.  The 
boiling  point  of  water  may  be  readily  ascertained,  by  immersing  a 
thermometer  in  water  boiling,  in  a  metallic  vessel,  over  the  fire. 
As  there  is  some  danger  in  applying  heat  directly  to  a  vessel  con- 
taining either  ether  or  alcohol,  the  ebullition  of  these  fluids  may 
be  shown,  by  immersing  the  vessel  containing  them  in  water,  the 
temperature  of  which  may  be  gradually  raised.  The  appearance 
of  boiling  is  owing  to  the  formation  of  vapour  at  the  bottom  of  the 
vessel,  and  its  escape  through  the  heated  fluid  above  it.  That  the 
steam,  which  escapes,  is  actually  formed  at  the  bottom,  and  not  at 
the  top  of  the  water,  may  be  seen  by  boiling  some  water  in  a  Flo- 
rence flask,  or  other  transparent  vessel,  over  an  Argand's  lamp. 
The  bubbles  of  vapour  will  all  ascend  from  the  bottom  of  the  ves- 
sel. 

II.  Steam  has  exactly  the  same  temperature  as  boiling  water. — Let 
a  tin  vessel  be  provided,  having  two  holes  in  its  cover,  one  of 
which  is  just  large  enough  to  admit  the  stem  of  a  thermometer. 
Fill  it  partly  with  water,  and  let  the  bulb  of  the  thermometer  be 
an  inch  or  two  above  the  surface  of  the  water,  leaving  the  other 
aperture  open  for  the  escape  of  vapour.  When  the  water  boils, 
the  thermometer,  surrounded  by  steam,  will  rise  to  212°,  which  is 
precisely  the  temperature  of  the  water  beneath  :  yet  water,  placed 
on  a  fire,  continues  to  receive  heat,  very  abundantly,  even  when 
boiling  hot;  and  as  this  heat  is  not  appreciable  by  the  thermome- 
ter, it  must  exist  in  the  steam,  in  a  latent  state. 

Perfectly  formed  steam  is  entirely  invisible.  We  may  satisfy 
ourselves  of  this  by  boiling  strongly  a  small  quantity  of  water  in  a 

substance  that  freezes,  and  such  a  large  supply  must  -warm  the  atmosphere ,-  whilst, 
during  a  thaw,  that  very  quantity  of  free  heat  must  he  taken  from  the  atmosphere,  and 
return  to  a  latent  state  in  the  bodies  -which  it  thaws." — Whoever  reads  the  apparent 
explanation,  given  to  this  undoubtedly  correct  and  apposite  objection,  must  be 
struck  with  its  inadequacy  to  the  end  intended;  for  admitting,  "  that  in  a  frost 
the  atmosphere  is  so  much  colder  than  the  earth,  that  all  the  caloric  which  it  takes 
from  the  freezing  bodies  is  insufficient  to  raise  its  temperature  above  the  freez- 
ing point ;"  we  cannot  but  be  sensible,  that  the  atmosphere  in  common  with  all 
the  surrounding  bodies,  is  growing  co-equally  colder ;  whereas  the  atmosphere 
should  certainly  grow  wanner  (it  the  doctrine  is  correct  in  all  points)  by  the 
evolution  of  the  latent  heat  in  those  bodies  ;  and  the  reverse  of  this  ought  equal- 
ly to  occur,  in  the  opposite  state  of  things.  It  is  surprising  to  me  that  the  diffi- 
culty thus  stated  in  the  work  alluded  to,  has  never  been  noticed  and  properly 
appreciated  by  the  numerous  systematic  writers  on  the  doctrines  of  caloric.    C. 
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flask;  for  complete  transparency  will  exist  in  the  upper  part  of  the 
vessel.  It  is  only  when  it  begins  to  be  condensed,  that  steam  be- 
comes visible.  We  have  a  proof  also  of  the  same  fact  in  the  thick 
fogs  which  are  produced  by  a  sudden  transition  from  warm  to  cold 
weather  ;  the  vapour,  which  was  imperceptible  at  the  higher  tem- 
perature, being  condensed  and  rendered  visible  by  the  lower. 

III.  The  boiling  point  of  the  same  fluid  varies,  under  different  de- 
grees of  atmospheric  pressure. — Thus  water,  which  has  been  re- 
moved from  the  fire,  and  ceased  to  boil,  has  its  ebullition  renewed 
when  it  is  placed  under  a  receiver,  the  air  of  which  is  quickly  ex- 
hausted by  an  air  pump.  Alcohol  and  ether,  confined  under  an 
exhausted  receiver,  boil  violently  at  the  temperature  of  the  at- 
mosphere. In  general,  liquors  boil  in  vacuo,  with  about  140°  less 
of  heat,  than  are  required  under  a  mean  pressure  of  the  atmos- 
phere.* Even  the  ordinary  variations  in  the  weight  of  the  air,  as 
measured  by  the  barometer,  are  sufficient  to  make  a  difference  in 
the  boiling  point  of  water  of  about  5°  between  the  two  extremes.f 
On  ascending  considerable  heights,  as  to  the  tops  of  mountains, 
the  boiling  point  of  water  gradually  falls  on  the  scale  of  the  ther- 
mometer. Thus  on  the  summit  of  Mount  Blanc,  water  was  found 
by  Saussure  to  boil  at  187°  Fahrenheit. 

The  influence  of  a  diminished  pressure  in  facilitating  ebullition 
may,  also,  be  illustrated  by  the  following  very  simple  experiment : 
—Place,  over  a  lamp,  a  Florence  flask,  about  three  fourths  filled 
with  water;  let  it  boil  briskly  during  a  few  minutes;  and,  imme- 
diately on  removing  it  from  the  lamp,  cork  it  tightly,  and  suddenly 
invert  it.  The  water  will  now  cease  to  boil ;  but,  on  cooling  the 
convex  part  of  the  flask  by  a  stream  of  cold  water,  the  boiling  will 
be  renewed.  Applying  boiling  water  from  the  spout  of  a  tea-ket- 
tle to  the  same  part  of  the  flask,  the  water  will  again  cease  to  boil. 
This  renewal  of  the  ebullition,  by  the  application  of  the  cold,  (an 
apparent  paradox,)  is  owing  to  the  formation  of  an  imperfect  va- 
cuum oyer  the  hot  water,  by  the  condensation  of  steam  ;  and  the 
suspension  of  the  boiling,  on  re-applying  the  heat,  to  the  renewed 
pressure  on  the  surface  of  the  hot  water,  occasioned  by  the  forma- 
tion of  fresh  steam. 

From  these  facts,  it  may  be  inferred,  that  the  particles  of  caloric 
are  mutually  repulsive,  and  that  they  communicate  this  repulsive 
tendency  to  other  bodies  in  which  caloric  is  contained.  This  re- 
pulsive power  tends  to  change  solids  into  fluids,  and  liquids  into 
aeriform  bodies,  and  is  chiefly  counteracted  by  the  pressure  of  the 
atmosphere.^; 

*  Black's  Lectures,  i.  151. 

t  Sir  6.  Shuckburgh,  in  Philosophical  Transactions,  lxxix.  375. 

*  Whoever  adverts  to  the  circumstances  attending  the  combustion  of  gun. 
powder,  cannot  but  be  struck  with  the  imperfection  of  that  theory,  which  so  do-  - 
matically  assumes  as  a  fact,  that  the  respective  states  of  all  bodies  depend  alto- 
gether on  the  repulsive  power  of  caloric;  and  that  the  solid,  fluid,  and  aeriform 
states,  are  dependant  on  various  doses  of  caloric,  unconnected  with  other  causes 
If  gunpowder  owes  the  solid  state  of  its  ingredients  to  a  diminution  of  caloric' 
and  it  their  gaseous  state  after  combustion,  is  the  result  of  caloric  conjoined  to 
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Were  this  counteracting  cause  removed,  many  bodies,  whieh  at 
present  have  a  liquid  form,  would  cease  to  be  such,  and  would  be 
changed  into  a  gaseous  state.  Precisely  the  same  effect,  there- 
fore, results  from  the  prevalence  of  either  of  these  iorces.  Add  to 
certain  liquids  a  quantity  of  caloric,  in  other  words,  place  them  in 
a  high  temperature,  and  they  are  immediately  converted  into 
gases:  or,  their  temperature  remaining  the  same,  diminish  the 
weight  of  the  atmosphere;  and  the  caloric,  which  they  naturally 
contain,  exerts  its  repulsive  tendency  with  equal  effect,  and  they 
are  in  like  manner  converted  into  gases.  These  facts  are  best 
shown  by  the  following  experiments  on  ether: 

1.  Ether,  at  the  temperature  of  104°,  exists  in  the  state  of  a 
gas.  This  may  be  shown  by  filling  a  jar  with  water  of  this  tem- 
perature, and  inverting  it  in  a  vessel  of  the  same.  Then  introduce 
a  little  ether,  by  means  of  a  small  glass  tube  closed  at  one  end. 
The  ether  will  rise  to  the  top  of  the  jar,  and,  in  its  ascent,  will  be 
changed  into  gas,  filling  the  whole  jar  with  a  transparent,  invisi- 
ble, elastic  fluid.  On  permitting  the  water  to  cool,  the  ethereal 
gas  is  condensed,  and  the  inverted  jar  again  becomes  filled  with 
water. 

2.  Ether  is  changed  into  gas  by  diminishing  the  weight  of  the 
atmosphere.  Into  a  glass  tube,  about  six  inches  long,  and  half  an 
inch  in  diameter,  put  a  tea-spoonful  of  ether,  and  fill  up  the  tube 
with  water;  then,  pressing  the  thumb  on  the  open  end  of  the  tube, 
place  it,  inverted,  in  a  jar  of  water.  Let  the  whole  be  set  under 
the  receiver  of  an  air  pump,  and  the  air  exhausted.  The  ether 
will  be  changed  into  gas,  which  will  expel  the  water  entirely  from 
the  tube.  On  re-admitting  the  air  into  the  receiver,  the  gas  is 
again  condensed  into  a  liquid  form. 

IV.  On  the  contrary,  by  considerably  increasing  the  pressure,  wa- 
ter may  be  healed  to  above  400°  Fahrenheit,  without  being  changed 
into  vapour. — This  experiment  requires,  for  its  performance,  a 
strong  iron  vessel,  called  a  Papin's  digestor,  a  plate  of  which  may 
be  seen  in  Gren's  Chemistry.  That  the  boiling  point  of  water,  and 
the  temperature  of  steam,  are  raised  by  an  increased  pressure, 
may  be  shown,  however,  by  means  of  the  small  boiler,  represent- 
ed plate  v.  fig.  46,  which  will  be  found  extremely  useful  in  experi- 
ments on  this  subject.  Its  precise  size,  and  directions  for  its  con- 
struction, will  be  given  in  the  Description  of  the  Plates. 

On  the  cock  c  may  be  screwed,  occasionally,  a  valve,  loaded  in 
the  proportion  of  14  pounds  to  the  square  inch.  The  boiler  being 
leather  more  than  half  filled  with  water,  and  the  perforated  cap  d 
being  screwed  into  its  place,  the  ball  of  the  thermometer  will  be 
an  inch  or  more  above  the  surface  of  the  water,  and  will  indicate 
its  temperature,  as  well  as  that  of  the  steam,  both  being,  necessa- 
rily,   in    all   cases,   precisely  the  same.     Allowing   the   steam  to 

it  in  greater  amount,  the  negative  property  of  cold  should  be  produced,  by  the 
absorption  of  caloric  from  surrounding  sources  ;  but  the  extrication,  or  excita- 
tion of  caloric,  so  conspicuous  to  us.  forbids  our  belief  that  this  curious  sub- 
ject has  been  as  yet  properly  explained  ;  or  that  it  can  be  explained  by  com- 
monly received  opinions.    C 
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escape  through  the  cock  c,  before  affixing  the  valve,  the  tempera- 
ture of  the  steam,  under  a  mean  atmospheric  pressure,  will  be 
212°.  When  an  additional  atmosphere  is  added  by  the  weighted 
valve,  it  will  rise  to  above  240° ;  by  a  valve  twice  as  heavy  as  the 
first,  or  loaded  in  the  proportion  of  28  pounds  to  the  square  inch, 
the  temperature  of  the  steam  will  be  raised  to  nearly  270°.  This 
is  as  far  as  it  is  safe  to  carry  the  experiment ;  but  by  substituting 
a  strong  iron  vessel,  the  numbers  have  been  obtained,  which  will  be 
found  in  the  form  of  a  table,  in  the  Appendix. 

V.  The  absorfition  of  caloric,  during  evafioration,  shown  by  exfie- 
r intent. — Moisten  a  thermometer  with  alcohol,  or  with  ether,  and 
expose  it  to  the  air,  repeating  these  operations  alternately.  The 
mercury  of  the  thermometer  will  sink,  at  each  exposure,  because 
the  volatile  liquor,  during  evaporation,  robs  it  of  its  heat.  In  this 
way,  (especially  with  the  aid  of  an  apparatus  described  by  Mr.  Ca- 
vallo,  in  the  Philosophical  Transactions,  1781,  p.  509,)  water  may 
be  frozen  in  a  thin  and  small  glass  ball,  by  means  of  ether.  The 
same  effect  may  be  obtained,  also,  by  immersing  a  tube,  containing 
water  at  the  bottom,  in  a  glass  of  ether,  which  is  to  be  placed  un- 
der the  receiver  of  an  air  pump  ;  or  the  ether  may  be  allowed  to 
float  on  the  surface  of  the  water.  During  the  exhaustion  of  the 
vessel,  the  ether  will  evaporate  rapidly  ;  and,  robbing  the  water  of 
heat,  will  completely  freeze  it ;  tints  exhibiting  the  singular  spec- 
tacle of  two  fluids  in  contact  with  each  other,  one  of  which  is  in 
the  act  of  boiling,  and  the  other  of  freezing,  at  the  same  mo- 
ment. 

By  a  little  modification  of  the  experiment,  mercury  itself,  which 
requires  for  congelation  a  temperature  of  almost  40°  below  0  of 
Fahrenheit,  may  be  frozen,  as  was  first  shown  by  Dr.  Marcet.*  A 
conical  receiver,  open  at  the  top,  is  placed  on  the  plate  of  an  air  pump, 
and  a  mercurial  thermometer  is  suspended  within  the  receiver, 
through  the  aperture,  by  means  of  a  brass  plate,  perforated  in  its  cen- 
tre, and  fitting  the  receiver  air  tight,  when  laid  upon  its  open  neck. 
The  thermometer  passes  through  this  plate,  to  which  it  is  fitted  by 
a  leather  adjustment,  or  simply  by  a  cork  secured  with  sealing 
wax  ;  and  it  is  so  graduated,  that,  when  its  bulb  is  sunk  a  few  in- 
ches within  the  receiver,  the  stem  rises  externally  through  the 
plate,  above  which  the  scale  begins.  The  bulb  is  then  wrapped 
up  in  a  little  cotton  wool,  or,  what  is  better,  in  a  small  bag  of  fine 
fleecy  hosiery  ;  and,  after  being  dipped  into  ether,  the  apparatus  is 
quickly  laid  over  the  receiver,  which  is  exhausted  as  rapidly  as 
possible.  In  two  or  three  minutes  the  temperature  sinks  to  about 
45°  below  0,  at  which  moment  the  quicksilver  in  the  stem  sudden- 
ly descends  with  great  rapidity.  If  it  be  desired  to  exhibit  the 
mercury  in  a  solid  state,  common  tubes  may  be  used,  which  have 
originally  been  about  an  inch  diameter,  but  have  been  flattened  by 
pressure,  when  softened  by  the  blow-pipe.  The  experiment  suc- 
ceeds, when  the  temperature  of  the  room  is  as  high  as  40°  Fah- 
renheit. 

'  34  Nich.  Journal,  p.  119 

K 
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VI.  The  fixation  of  caloric  in  -water,  by  its  conversion  into  steam, 
may  be  shown  by  the  following  experiments  : — I.  Let  a  Pountl  ot 
water  at  212°,  and  eight  pounds  ofiron  filings  at  300°,  be  suddenly- 
mixed  together.  A  large  quantity  of  vapour  will  be  instantly  ge- 
nerated ;  and  the  temperature  of  the  mixture  will  be  only  212°; 
but  that  of  the  vapour  produced  is  also  not  more  than  212°  ;  and  the 
steam  must  therefore  contain,  in  a  latent  or  combined  form,  all  the 
caloric  which  raised  the  temperature  of  eight  pounds  ofiron  filings 
from  212°  to  300°. 

2.  The  quantity  of  caloric,  which  thus  becomes  latent  during  the 
formation  of  steam,  may  be  approximated,  by  repeating  the  follow- 
ing experiment  of  Dr.  Black:  He  placed  two  cylindrical  flat  bottom- 
ed vessels  of  tin,  five  inches  in  diameter,  and  containing  a  small 
quantity  of  water  at  50°,  on  a  red  hot  iron  plate,  of  the  kind  used 
in  kitchens.  In  four  minutes  the  water  began  to  boil,  and  in  twenty 
minutes  the  whole  was  boiled  away.  In  four  minutes,  therefore,  the 
water  received  162°  of  temperature,  or  40£°  in  each  minute.  If  we 
suppose,*  therefore,  that  the  heat  continues  to  enter  the  water  at 
the  same  rate,  during  the  whole  ebullition,  we  must  conclude  that 
41i°  x  20  =  810°  have  entered  the  water,  and  are  contained  in  the 
vapour. 

It  has  been  found  by  experiment  that  75  pounds  of  Newcastle 
coal,  or  100  pounds  of  coal  of  medium  quality,  applied  in  the  best 
manner,  are  required  for  the  vaporization  of  12  cubic  feet,  or  about 
89-|  wine  gallons,  of  water.  A  pound  of  coal,  on  the  average,  may 
be  considered  as  equivalent  to  convert  a  gallon  of  water  into  vapour. 
Wood  charcoal,  by  combustion,  is  capable  of  melting  94  times  its 
weight  of  ice,  and  of  evaporating  13  times  its  weight  of  water,  pre- 
viously at  32°  Fahrenheit.  Peat  of  the  best  quality,  when  properly- 
applied,  evaporates  10  times  its  weight  of  water,  but,  as  commonly 
used,  only  4  or  5  times.  Even  with  the  assistance  of  heated  air, 
only  six  times  its  weight  can  be  evaporated,  though  Curaudau  pre- 
tends to  have  evaporated  25  times  its  weight,  t  From  evidence 
given  before  the  House  of  Commons  on  the  Ga.s  Light  Bill,  17| 
pounds  of  good  London  cork  appear  to  be  capable  of  raising  from 
66  to  70  pounds  of  water  in£o  vapour,  or  about  4  times  their 
weight. J 

VII.  Water,  by  conversion  into  steam,  has  its  bulk  prodigiously  en- 
larged, viz.  according  to  Mr.  Watt's  experiments,  about  1 800  times, 
or,  according  to  Gay  Lusvac,  only  1698  times§ — A  cubic  inch  of  wa- 

*  It  is  too  much  the  custom  for  chemical  writers  to  assert  as  a  fact,  what  they 
admit  at  best  as  only  supposition  !  This  is  the  case  in  the  above  instance.  Since 
both  Dr.  H.  and  Dr.  Black  himself  suppose  the  circumstance  stated  to  be  as  they 
mention,  it  is  requisite  for  us,  according-  to  the  strict  laws  of  philosophical  re- 
search, to  be  assured,  that  the  fact  does  truly  accord  with  their  suppo- 
sition. By  this  remark,  I  do  not  oppose  the  opinion  of  Caloric  becoming  latent, 
but  the  amount  as  founded  on  supposition,  probable  as  that  may  be      C 

•j-79  An.  Ch.86. 

*  See  also  Count  Rumford's  Researches  on  the  Heat  developed  in  Combus- 
tion.    Phil.  Mag.  vol.  xli.  xlii.  and  xliii. 

§  Here  is  one  proof  of  many  that  might  be  adduced,  how  very  incorrect  must 
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ter  (or  252  grains)  occupies,  therefore,  when  converted  into  steam, 
the  space  of  rather  more  than  a  cubic  foot.  Hence  its  specific  gra- 
vity, under  the  ordinary  pressure  of  the  air,  is  to  that  of  common 
air,  nearly  as  450  to  1000;  or,  taking  Gay  Lussac's  data,  as  10  to 
16,  or  625  to  10U0. 

VIII.  On  the  contrary,  vapours,  during  their  conversion  into  a  li- 
quid form,  evolve,  or  giv«  out,  much  caloric. — The  heat  given  out,  by 
the  condensation  of  steam,  is  rendered  apparent  by  the  following 
experiment :  Mix  100  gallons  of  water  at  50°,  with  1  gallon  of  wa- 
ter at  212°.  The  temperature  of  the  water  will  be  raised  about 
I  h°.  Condense  by  a  common  still-tub,  1  gallon  of  water,  from  the 
state  of  steam,  by  100  gallons  of  water,  at  the  temperature  of  50°. 
The  water  will  be  raised  1 1°.  Hence,  1  gallon  of  water,  condensed 
from  steam,  i*aises  the  temperature  of  100  gallons  of  cold  water  9^° 
more  than  1  gallon  of  boiling  water  ;  and,  by  an  easy  calculation,  it 
appears  that  the  caloric  imparted  to  the  100  gallons  of  cold  water  by 
8  pounds  of  steam,  if  it  could  be  condensed  in  1  gallon  of  water, 
would  raise  it  to  950°.*  The  quantity  of  ice,  which  is  melted  by 
steam  of  ordinary  density,  is  invariably  7£  times  the  weight  of  the 
steam. 

For  exhibiting  the  latent  heat  of  steam,  by  means  of  a  small  ap- 
paratus, which  may  be  placed  on  a  table,  and  with  the  assistance 
only  of  a  lamp,  the  boiler  already  described  (fig.  46)  will  be  found 
extremely  well  adapted.  The  right  angled  pipe  e  must  be  screw- 
ed, however,  into  its  place,  and  must  be  made  to  terminate  at  the 
bottom  of  a  jar,  containing  a  known  quantity  of  water  of  a  given 
temperature.  This  conducting  pipe  and  the  jar  should  be  wrapped 
round  with  a  few  folds  of  flannel.  The  apparatus  being  thus  dis- 
posed, let  the  water  in  the  boiler  be  heated  by  an  Argand's  lamp, 
with  double  concentric  wicks,  till  steam  issues  in  considerable 
quantity  through  the  cock  c,  which  is  then  to  be  closed.  The 
steam  will  now  pass  through  the  right  angled  pipe  into  the  water 
contained  in  the  jar,  which  will  condense  the  steam,  and  will  have 
its  temperature  very  considerably  raised.  Ascertain  the  augmenta- 
tion of  temperature  and  weight; and  the  result  will  show,  how  much 
a  given  weight  of  water  has  had  is  temperature  raised  by  a  certain 
weight  of  condensed  steam.  To  another  quantity  of  water,  equal  in 
weight  and  temperature  to  that  contained  in  the  jar  at  the  outset  of 
the  expetiment,add  a  quantityof  waterat  212°, equal  in  weight  to  the 
condensed  steam ;  it  will  be  found,  on  comparison  of  the  two  re- 
sulting temperatures,  that  a  given  weight  of  steam  has  produced, 
by  its  condensation,  a  much  greater  elevation  of  temperature, 
than  the  same  quantity  of  boiling  water.  This  will  be  better 
understood  by  the  following  example,  taken  from  actual  expe- 
riment. 


be  the  experiments  of  one  or  the  other  inquirer,  when  such  diversity  of  result 
occurs   in    their  proceedings.     Which    of  these    philosophers    is   right  ? — 
It  is  of  consequence  to  correct  opinions  on  the  subject,  that  the  data  we  proceed 
on  be  strictly  so.     C. 
*  Black's  Lectures,  i.  169. 
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Into  eight  ounces  of  water,  at  50°  Fahrenheit,  contained  in  the 
glass  jar,/,  fig.  46,  steam  was  passed  irom  the  boilci ,  till  the  tem- 
perature of  the  water  in  the  jar  rose  to  173°.  On  weighing  the 
water,  it  was  found  to  have  gained  8*-  drachms ;  that  is,  precisely  8£ 
drachms  of  steam  had  beep  condensed,  and  had  imparted  its  heat 
to  the  water. — To  facilitate  the  explanation  of  this  experiment,  it  is 
necessary  to  premise  the  following  remarks. 

To  measure  the  whole  quantities  of  caloric  contained  in  differ- 
ent bodies,  is  a  problem  in  chemistry  which  has  not  yet  been  solved. 
But  the  quantities  of  caloric,  added  to,  or  subtracted  from,  different 
bodies  (setting  out  from  a  given  temperature)  may,  in  many  cases, 
be  measured  and  compared  with  considerable  accuracy.  Thus,  if, 
as  has  been  already  stated,  two  pounds  of  water  at  120°  be  mixed 
with  two  pounds  at  60°,  half  the  excess  of  caloric  in  the  hot  water 
will  pass  to  the  colder  portion  ;  that  is,  the  hot  water  will  be  cool- 
ed 30°,  and  the  cold  will  receive  30°  of  temperature ;  and  if  the  ex- 
perimentbe  conducted  with  proper  precautions,  9u°,  the  arithmeti- 
cal mean  of  the  temperature  of  the  separate  parts,  will  be  the  tem- 
perature of  the  mixture.  If  three  pounds  of  water  at  100°  be 
mixed  with  one  pound  at  60°,  we  shall  have  the  same  quantity  of 
heat  as  before,  viz.  four  pounds  at  90°.  Hence,  if  the  quantity  of 
Water  be  multiplied  by  the  temperature,  the  product  will  be  a  com- 
parative measure  of  the  quantity  of  caloric  which  the  water  contains, 
exceeding  the  zero  of  the  thermometer  employed. 

Thus,  in  the  last  example, 

3  X  100  =  300  =  the  caloric  above  zero  in  the  first  portion. 
1  X    60  =    60  =  the  caloric  above  zero  in  the  second  do. 

The  sum,  360  =  the  caloric  above  zero  in  the  mixture. 

Dividing  360  by  4,  the  whole  quantity  of  water,  we  obtain  90°,  the 
temperature  of  the  mixture. 

This  method  of  computation  may  be  conveniently  applied  to  a 
variety  of  cases.  Thus,  in  the  foregoing  experiment,  8£  drachms 
of  steam  at  2 1 2°,  added  to  64  drachms  of  water  at  50°,  produced  72i 
drachms  of  water  at  173°.     Now, 

72i  x  173  =  12542!  ^  who,e  heat  of  the  mtore 

64    x    50  =    3200    =  5 lieat  °f  64  drachms,  one  of  the  compo- 
C      nent  parts. 

9342J.  =  5  heat  of  H  drachms,  the  other  compo- 
l     nent  part. 

Therefore  9342*  divided  by  8}  =  1099,  should  have  been  the 
temperature  of  the  latter  portion  {viz.  8  *  drachms),  Z Lone  of 7s 
heat  been  latent:  and  1099-212  =  887  gives  the  latent  heat  of 
the  steam.  This  result  does  not  differ  more  than  mieht  be  exnect- 
ed,  owing  to  the  unavoidable  inaccuracies  of  the  experbn  1 
Mr.  Watt's  determination,  which  states  the  latent  St  oTsteaSi  S 
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900°,  or  from  that  to  950°.*     Lavoisier,  with  the  aid  of  the  calori- 
meter, makes  it  1000°,  or  a  little  more.f 

IX.  The  same  weight  of  steam  contains,  whatever  may  be  its  den- 
sity, the  same  quantity  of  caloric  ;  its  latent  heat  being  increased  in 
exact  proportion  as  its  sensible  heat  is  diminished  ;  and  the  reverse.-— 
This  principle,  though  scarcely  admitting  of  illustration  by  any  easy 
experiment,  is  one  of  considerable  importance ;  and  an  ignorance  of 
it  has  been  the  occasion  of  many  fruitless  attempts  to  improve  the 
economy  of  fuel  in  the  steam  engine.  The  fact,  so  far  as  respects 
steam  of  lower  density  than  that  of  30  inches  of  mercury,  was  long 
ago  determined  experimentally  by  Mr.  Watt.J  As  the  boiling 
point  of  liquids  is  known  to  be  considerably  reduced  under  a  dimi- 
nished pressure,  it  seemed  reasonable  to  suspect  that,  under  these 
circumstances,  steam  might  be  obtained  from  them  with  a  less  ex- 
penditure of  heat.  Water,  Mr.  Watt  found,  might  easily  be  dis- 
tilled in  vacuo  when  in  the  temperature  of  only  70°  Fahrenheit. 
But,  by  condensing  steam  formed  at  this  temperature,  and  observ- 
ing the  quantity  of  heat  which  it  communicated  to  a  given  weight  of 
water,  he  determined  that  its  latent  heat,  instead  of  being  only  950°, 
was  between  1200°  and  1300°. 

The  same  principle  may  be  explained  also  by  the  following  illus- 
tration, which  was  suggested  to  me  by  Mr.  Ewart.  Let  us  sup- 
pose that  in  a  cylinder,  furnished  with  a  piston,  we  have  a  certain 
quantity  of  steam,  and  that  it  is  suddenly  compressed,  by  a  stroke  of 
the  piston,  into  half  its  bulk.  None  of  the  steam  will  in  this  case 
be  condensed ;  but  it  will  acquire  double  elasticity,  and  its  tempe- 
rature will  be  considerably  increased.  Now  if  we  either  suppose 
the  cylinder  incapable  of  transmitting  heat,  or  take  the  moment  in- 
stantly following  the  compression  before  any  heat  has  had  time  to 
escape,  it  must  be  evident  that  the  sensible  and  latent  heat  of  the 
steam,  taken  together  before  compression,  are  precisely  equal  to 
the  sensible  and  latent  heat  taken  together  of  the  denser  steam. 
But  in  the  dense  steam,  the  sensible  heat  is  increased,  and  the  la- 
tent heat  proportionably  diminished.  The  explanation  of  this  fact 
will  be  furnished  by  a  principle,  to  be  hereafter  explained,  that  the 
capacities  of  elastic  fluids  for  caloric  are  uniformly  diminished  by 
increasing  their  density. 

X  The  evaporation  of  water  is  carried  on  much  more  rapidly  under 
a  diminished  pressure,  especially  if  the  vapour,  which  is  formed,  be 
condensed  as  soon  as  it  is  produced-  so  as  to  keep  up  the  vacuum. 

On  this  principle  depends  Mr.  Leslie's  new  and  ingenious  mode 
of  freezing  water,  in  an  atmosphere  of  medium  temperature,  by 
producing  a  rapid  evaporation  from  the  surface  of  the  water  itself. 
The  water  to  be  congealed  is  contained  in  a  shallow  vessel,  which 
is  supported  above  another  vessel,  containing  strong  sulphuric 
acid,  or  dry  muriate  of  lime.  The  whole  is  covered  by  the  re- 
ceiver of  an  air  pump,  which  is  rapidly  exhausted ;  and  as  soon  as 

*  Black's  Lectures,  i.  174. 
t  Ibid,  175. 
?  Black,  i.  190. 
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this  is  effected,  crystals  of  ice  begin  to  shoot  in  the  water,  and  a 
considerable  quantity  of  air  makes  its  escape,  after  which  the 
whole  of  the  water  becomes  solid.  The  rarefaction  required  is  to 
about  100  times;  but  to  support  congelation,  after  it  has  taken 
place,  20  or  even  10  times  are  sufficient.  The  sulphuric  acid  be- 
comes  very  warm;  and  it  is  remarkable,  that  if  the  vacuum  be 
kept  up,  the  ice  itself  evaporates.  In  five  or  six  days,  ice  of  an 
inch  in  thickness  will  entirely  disappear.  The  acid  continues  to 
act,  till  it  has  absorbed  an  equal  volume  of  water. 

An  elegant  manner  of  making  the  experiment  is  to  cover  the 
vessel  of  water  with  a  plate  of  metal  or  glass,  fixed  to  the  end  of 
a  sliding  wire,  which  must  pass  through  the  neck  of  the  receiver, 
and  be,  at  the  same  time,  air  tight,  and  capable  of  being  drawn  up- 
wards. When  the  receiver  is  exhausted,  the  water  will  continue 
fluid,  till  the  cover  is  removed,  when,  in  less  than  five  minutes, 
needle-shaped  crystals  of  ice  will  shoot  through  it,  and  the  whole 
will  soon  become  frozen. 

In  this  interesting  process,  if  it  were  not  for  the  sulphuric  acid, 
an  atmosphere  of  aqueous  vapour  would  fill  the  receiver;  and, 
pressing  on  the  surface  of  the  water,  would  prevent  the  further 
production  of  vapour.  But  the  steam,  which  rises,  being  con- 
densed the  moment  it  is  formed,  the  evaporation  goes  on  very  ra- 
pidly, and  has  no  limits  but  the  quantity  of  the  water,  and  the  di- 
minished concentration  of  the  acid. 

It  is  on  the  same  principle,  that  the  instrument  invented  bv  Dr. 
Wollaston,  and  termed  by  him  the  Cryofi/iorus,  or  Frost  bearer,  is 
founded.*  It  may  be  formed  by  taking  a  glass  tube,  having  an  in- 
ternal diameter  of  about  £th  of  an  inch  diameter,  the  tube  bent  to 
a  right  angle  at  the  distance  of  half  an  inch  from  each  ball. 
One  of  these  balls  should  be  about  half  filled  with  water,  and  the 
other  should  be  as  perfect  a  vacuum  as  can  readily  be  obtained,  the 
mode  of  effecting  which  is  well  known  to  those  accustomed  to  blow 
glass.  One  of  the  balls  is  made  to  terminate  in  a  capillary  tube ; 
and  when  the  water  in  the  other  ball  has  been  boiled  over  a  lamp 
a  considerable  time,  till  all  the  air  is  expelled,  the  capillary  ex- 
tremity, through  which  the  steam  is  still  issuing  with  violence,  is 
held  in  the  flame  of  the  lamp,  till  the  force  of  the  vapour  is  so  far 
reduced,  that  the  heat  of  the  flame  has  power  to  seal  it  hermeti- 
cally. 

When  an  instrument  of  this  kind  is  well  prepared,  if  the  empty 
ball  be  immersed  in  a  mixture  of  snow  and  salt,  the  water  in  the 
other  ball,  though  at  the  distance  of  two  or  three  feet,  will  be 
frozen  solid  in  the  course  of  very  few  minutes.  The  vapour  in  the 
empty  ball  is  condensed  by  the  common  operation  of  cold  ;  and  the 
vacuum  produced  by  this  condensation,  gives  opportunity  for  a 
fresh  quantity  to  arise  from  the  opposite  ball,  with  a  proportional 
reduction  of  its  temperature. 

The  large  quantity  of  caloric,  latent  in  steam,  renders  its  appli- 
*  See  Plate  10. 
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cation  extremely  useful  for  practical  purposes.  Thus,  water  may 
be  heated,  at  a  considerable  distance  from  the  source  of  heat,  by 
lengthening  the  conducting  pipe  e,  fig.  46.  This  furnishes  us  with, 
a  commodious  method  of  warming  the  water  of  baths,  which,  in 
certain  cases  of  disease,  it  is  of  importance  to  have  near  the  pa- 
tient's bed-room ;  for  the  boiler,  in  which  the  water  is  heated,  may 
thus  be  placed  on  the  ground-floor,  or  in  the  cellar  of  a  house  ;  and 
the  sieam  conveyed  by  pipes  into  an  upper  apartment.  Steam  may 
also  be  applied  to  the  purpose  of  heating  or  evaporating  water,  by 
a  modification  of  the  apparatus.  Fig.  46,  g;  represents  the  appa- 
ratus for  boiling  water  by  the  condensation  of  sleam,  without  add- 
ing to  its  quantity;  a  circumstance  occasionally  of  considerable  im- 
portance. The  steam  is  received  between  the  vessel,  which  con- 
tains the  water  to  be  heated,  and  an  exterior  case;  it  imparts  its 
caloric  to  the  water,  through  the  substance  of  the  vessel;  is  thus 
condensed,  and  returns  to  the  boiler  by  the  perpendicular  pipe. 
An  alteration  of  the  form  of  the  vessel  adapts  it  to  evaporation  (fig. 
46,  A).  This. method  of  evaporation  is  admirably  suited  to  the 
concentration  of  liquids,  that  are  decomposed,  or  injured,  by  a 
higher  temperature  than  that  of  boiling  water,  such  as  medicinal 
extracts;  to  the  drying  of  precipitates,  &c.  In  the  employment 
ot  either  of  these  vessels,  it  is  expedient  to  surround  it  with  some 
slow  conductor  of  heat.  On  a  small  scale,  a  few  folds  of  woollen 
cloth  are  sufficient;  and,  when  the  vessel  is  constructed  of  a  lar^e 
size  for  practical  use,  this  purpose  is  served  by  the  brick-work  in 
which  it  is  placed. 


SECTION  V. 

Specific  Caloric. 

Equal  weights  of  the  same  body,  at  the  same  temperature,  con- 
tain  the  same  quantities  of  caloric.  But  equal  weights  of  different 
bodies,  at  the  same  temperature,  contain  unequal  quantities  of  ca- 

T.k  q^ntity  of  caloric,  which  one  body  contains,  compared 

with  that  contained  in  another,  is  called  its  sfiecific  caloric  ;  and  the 
power  or  property,  which  enables  bodies  to  retain  different  quanti- 
ties of  caloric,  has  been  called  capacity  for  caloric.  The  method 
of  determining  the  specific  caloric,  or  comparative  quantkies  of 
caloric  in  different  bodies,  is  as  follows  : 

boJv  hatSditrdr,been  °bserved>.that  eq™l  weights  of  the  same 
?' 1     ?       temperatures,  give,  on  admixture,  the  arithmeti- 

DintTeolH  i  V  tCmperatUre  of  a  Pint  of  "<*  water  and  a 
pint  of  cold,  is,  after  mixture,  very  nearly  half  way  between  that 
of  the  two  extremes.  But  this  is  not  the  case,  when  equal  quanti- 
ties,  of different  bodies,  at  different  temperatures,  are  employed 

(a)  it  a  pint  of  quicksilver  at  100°  Fahrenheit,  be  mixed  with  a 
pint  of  water  at  40°,  the  resulting  temperature  will  not  be  70°  'the 
arithmetical  mean  ,  but  only  60<\     Here  the  quicksilver  loses  40* 
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of  heat,  which  nevertheless  raise  the  temperature  of  the  water 
oniy  20°;  in  other  words,  a  larger  quantity  of  caloric  is  required  to 
raise  the  temperature  of  a  pint  of  water,  than  that  of  a  pint  of 
mercury,  through  the  same  number  of  degrees.  Hence  it  is  in- 
ferred, that  water  has  a  greater  capacity  for  caloric  than  is  inhe- 
rent in  quicksilver. 

(6)  The  experiment  may  be  reversed,  by  heating  the  water  to  a 
greater  degree  than  the  quicksilver.  If  the  water  be  at  100°,  and 
the  mercury  at  40°,  the  resulting  temperature  will  be  nearly  80" ; 
because  the  pint  of  hot  water  contains  more  caloric,  than  is  neces- 
sary to  raise  the  quicksilver  to  the  arithmetical  mean. 

(c)  Lastly,  if  we  take  two  measures  of  quicksilver  to  one  of  wa- 
ter, it  is  of  no  consequence  which  is  the  hotter  ;  for  the  resulting 
temperature  is  always  the  mean  between  the  two  extremes;  for 
example,  70°,  if  the  extremes  be  100°  and  40°.  Here,  it  is  mani- 
fest, that  the  same  quantity  of  caloric,  which  makes  one  measure 
of  water  warmer  by  30°,  is  sufficient  for  making  two  measures  of 
quicksilver  warmer  by  the  same  number.  Quicksilver  has,  there- 
fore, a  less  capacity  than  water  for  caloric,  in  the  proportion,  when 
equal  measures  are  taken,  of  one  to  two. 

If,  instead  of  equal  bulks  of  quicksilver  and  water,  we  had  taken 
equal  weights,  the  disparity  between  the  specific  caloric  of  the 
mercury  and  water  would  have  been  still  greater.  Thus  a  pound 
of  water  at  100°,  mixed  with  a  pound  of  mercury  at  40°,  gives  a 
temperature  of  97  £°,  or  27 i°  above  the  arithmetical  mean.  In  this 
experiment,  the  water,  being  cooled  from  100°  to  97£c  has  lost  a 
quantity  of  caloric,  reducing  its  temperature  only  2£°;  but  this  ca- 
loric, communicated  to  the  pound  of  mercury,  has  produced,  in  its 
temperature,  a  rise  of  no  less  than  57£°.  Therefore,  a  quantity 
of  ealoric,  necessary  to  raise  the  temperature  of  a  pound  of  water 
2i°,  is  sufficient  to  raise  that  of  a  pound  of  mercury  57  ^  ;  or,  by  the 
rule  of  proportion,  the  caloric,  which  raises  the  temperature  of  a 
pound  of  water  1°,  will  raise  that  of  a  pound  of  quicksilver  about 
23°.  Hence  it  is  inferred,  that  the  quantity  of  caloric  contained  in 
water,  is  to  that  contained  in  the  same  weight  of  quicksilver  as  23° 
to  1°.  Or,  stating  the  caloric  of  water  at  1°,  that  of  quicksilver 
will  be  J3  part  of  1°,  or  0,0435.* 

When  this  comparison  is  extended  to  a  great  variety  of  bodies, 
they  will  be  found  to  differ  very  considerably  in  their  capacities  for 
caloric.  The  results  of  numerous  experiments  of  this  kind  are  com- 
prised in  a  table  of  specific  caloricf. 

The  capacities  of  bodies  for  caloric  influence,  considerably,  the 
rate  at  which  they  are  heated  and  cooled.  In  general,  those  bodies 
are  most  slowly  heated,  and  cool  most  slowly,  which  have  the  great- 
est capacities  forheatj.  Thus,  if  water  and  quicksilver  be  set,  in 
similar  quantities,  and  at  equal  distances  before  the  fire,  the  quick- 
silver will  be  much  more  rapidly  heated  than  the  water  ;  and,  on  re- 

•  The  above  numbers,  which  differ  from  those  commonly  stated,  are  given  on 
the  authority  of  Mr.  Dalton. 
•j-  See  the  Appendix.  %  See  Martine  on  Heat,  page  74. 
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moval  from  the  fire,  it  will  cool  with  proportionally  greater  quick- 
ness than  the  water.  By  ascertaining  the  comparative  rates  of 
cooling,  we  may  even  determine,  with  tolerable  exactness,  the  spe- 
cific caloric  of  bodies ;  and  particularly  of  one  clas  (the  gases), 
which  are  not  easily  compared  in  any  other  way.*  The  specific 
heat  of  the  different  aeriform  fluids  will  be  stated,  on  the  authority 
of  Delaroche  and  Berard,  in  the  chapter  on  gases. 


CHAPTER  IV. 

OF  LIGHT. 

THE  laws  of  light,  so  far  as  they  relate  to  the  phenomena  of  its 
movement,  and  to  the  sense  of  vision,  constitute  the  science  of  op- 
tics ;  and  are  the  objects,  therefore,  not  of  Chemistry,  but  of  Na- 
tural Philosophy.  Light,  however,  is  capable  of  producing  impor- 
tant chemical  effects,  and  of  entering  into  various  chemical  combi- 
nations. Its  action  is,  for  the  most  part,  exerted  in  de-oxidizing 
bodies  ;  and  facts  of  this  kind  cannot  be  perfectly  understood,  until 
two  important  classes  of  bodies  have  been  described,  viz.  those  of 
oxides  and  of  acids.  In  this  place,  therefore,  I  shall  state  only  a  few 
of  its  least  complicated  effects;  and  shall  trace  its  agency  on  differ- 
ent bodies,  as  they  become  the  objects  of  experiment  in  the  sequel. 

I.  Light,  in  the  state  in  which  it  reaches  the  organ  of  vision,  it 
is  well  known,  is  not  a  simple  body,f  but  is  capable  of  being  divided, 

by  the  prism,  into  seven  primary  rays  or  colours,  viz.  red,  orange, 
yellow,  green,  blue,  indigo,  and  violet.  These  are  relrangible  in 
the  above  order,  the  red  being  least  refrangible,  and  the  violet  most 
so.  The  image  formed  by  the  different  rays,  thus  separated,  con- 
stitutes the  solar  spectrum.  If  it  be  divided  into  360  parts,  the 
red  will  occupy  45  of  these  parts,  the  orange  27,  the  yellow  48,  the 
green  60,  the  blue  60,  the  indigo  40,  and  the  violet  80. 

II.  Heat  and  light  are  not  present,  in  corresponding  degrees,  in 
different  parts  of  the  solar  spectrum.  With  respect  to  the  illumi- 
nating power  of  each  colour,  Dr.  Herschell  found  that  the  red  rays 
are  far  from  having  it  in  an  eminent  degree.  The  orange  possesses 
more  of  it  than  the  red  ;  and  the  yellow  rays  illuminate  objects  still 
more  perfectly.  The  maximum  of  illumination  lies  in  the  bright- 
est yellow  or  palest  green.  The  green  itself  is  nearly  equally 
bright  with  the  yellow  ;  but  from  the  full  deep  green,  the  illumi- 
nating power  decreases  very  sensibly.  That  of  the  blue  is  nearly  oh 
a  par  with  that  of  the  red;  the  indigo  has  much  less  than  the  blue, 
and  the  violet  is  very  deficient. I 

*  See  Leslie  on  Heat,  chap.  xxi. 

f  Fourcroy  (Gen.  Syst.  of  Chem.  knowledge,  1.  p.  156)  classes  light  amongst 
the  simple  or  undecomposable  bodies  ;  and  at  p.  164  lie  asserts  that  "  no  fact 
has  yet  proved  this  pretended  decomposition  of  light !"     C. 

^  Philosophical  Transactions,  18QU,  page  267. 
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III.  The  heating  power  of  the  rays  follows  a  different  order.  If 
the  bulb  of  a  very  sensible  air  thermometer  be  moved  in  succes- 
sion, through  the  differently  coloured  rays,  it  will  be  found  to  indi- 
cate tbe  greatest  heat  in  the  red  rays  ;  next  in  the  green  ;  and  so 
on,  in  a  diminishing  progression,  to  the  violet.  The  precise  effects 
of  the  different  rays,  determined  by  Dr.  Herschell's  experiments, 
are  as  follows  : 

The  thermometer  rose 

, A 

In  the  blue,  in  3  minutes    from  55°  to  56° 

green,  in  3        54  to  58 

yellow,  in  3 56  to  62 

full  red,  in  2*       ■ 56  to  72 

-  confines  of  red,  in  2£       58  to  73  J 

IV.  When  the  thermometer  is  removed  entirely  out  of  the  con- 
fines of  the  red  rays,  but  with  its  ball  still  in  the  line  of  the  spec- 
trum, it  rises  even  higher  than  in  the  red  rays;  and  continues  to 
rise,  till  removed  half  an  inch  beyond  the  extremity  of  the  red  rays. 
In  this  situation,  quite  out  of  the  visible  light,  the  thermometer  rose 
in  2^  minutes  from  61  to  79.  The  ball  of  the  thermometer,  employed 
for  this  purpose,  should  be  extremely  small,  and  should  be  blacken- 
ed with  Indian  ink.  An  air  thermometer  is  better  adapted  than  a 
mercurial  one,  to  exhibit  the  minute  change  of  temperature  that 
ensues.  These  invisible  heat-making  rays  may  be  reflected  by 
the  mirror,  and  refracted  by  the  lens,  exactly  in  the  same  manner  as 
the  rays  of  light. 

Anew  fact  has  been  lately  ascertained  by  Dr.  Delaroche,  which 
seems  to  point  out  a  close  connection  between  heat  and  light,  and  a 
gradual  passage  of  the  one  into  the  other.  The  rays  of  invisible  heat 
pass  through  glass  with  difficulty,  at  a  temperature  below  that  of 
boiling  water  ;  but  they  traverse  it  with  a  facility  always  increasing 
with  the  temperature,  as  it  approaches  the  point  when  bodies  be- 
come luminous.  From  these  experiments,  it  would  appear  that  the 
modification,  whatever  it  be,  which  must  be  impressed  on  the  invi- 
sible rays,  to  render  them  capable  of  penetrating  through  glass, 
makes  them  approach  more^nd  more  to  the  state  in  which  they 
must  be,  when  they  enter  the  eye,  and  occasion  the  sensation  of 
vision. 

The  experiments  of  Dr.  Herschell,  already  confirmed  by  Sir  II. 
Englefield  and  other  philosophers,  were  found  correct  in  the  main, 
when  repeated  by  Mr.  Berard,*the  same  progressive  heating  pow- 
er being  observed  in  the  rays  from  the  violet  to  the  red.  But  lie 
found  the  greatest  heating  power  at  the  extremity  of  the  spectrum, 
and  not  beyond  it.  He  fixed  it  at  the  point,  where  the  bulb  of  the 
thermometer  was  still  entirely  covered  by  the  red  ray;  and  the 
thermometer  sunk  progressively,  in  proportion  as  the  distance  of 
its  bulb   from  the   red  ray  increased.     Entirely  out  of  the  visible 

•  Thomson's  Annals,  ii.  162. 
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spectrum,  where  Herschell  fixed  the  maximum  of  heat,  its  eleva- 
tion above  the  ambient  air  was  only  one  filth  of  what  it  had  been  in 
the  red  ray  itself.  The  reflection  of  invisible  radiant  heat,  Mr. 
Berard  found,  follows  precisely  the  same  law  as  that  of  light. 

V.  Beyond  the  confines  of  the  spectrum  on  the  other  side,  viz. 
a  little  beyond  the  violet  ray,  the  thermometer  is  not  affected  ;  but 
in  this  place  it  is  remarkable,  that  there  are  also  invisible  rays  of  a 
different  kind,  which  exert  all  the  chemical  effects  of  the  rays  of 
light,  and  with  even  greater  energy.  One  of  the  chemical  proper- 
ties of  light,  it  will  hereafter  be  stated,  is,  that  it  speedily  changes, 
from  white  to  black,  the  fresh-precipitated  muriate  of  silver.*  This 
effect  is  produced  most  rapidly  by  the  direct  light  of  the  sun  ;  and 
the  rays,  as  separated  by  ihe  prism,  have  this  property  in  various 
degrees.  The  blue  rays,  for  example,  effect  a  change  of  the  muri- 
ate of  silver  in  15  seconds,  which  the  red  require  20  minutes  to 
accomplish  ;  and,  generally  speaking,  the  power  diminishes  as  we 
recede  from  the  violet  extremity.  But  entirely  out  of  the  spec- 
trum, and  beyond  the  violet  rays,  the  effect  is  still  produced. 
Hence  it  appears,  that  the  solar  beams  consist  of  three  distinct 
kinds  of  rays  :  of  those  that  excite  heat,  and  promote  oxidation  ;  of 
illuminating  rays;  and  of  de-oxidizing  or  hydrogenating  RAYS.f 
A  striking  illustration  of  the  different  powers  of  these  various  rays 
is  furnished,  by  their  effect  on  phosphorus.  In  the  rays  beyond  the 
red  extremity,  phosphorus  is  heated,  smokes,  and  emits  white 
fumes  ;  but  these  are  presently  suppressed,  on  exposing  it  to  the 
de-oxidizing  rays,  which  lie  beyond  the  violet  extremity. 

"  I  found,"  says  Sir  H.  Davy  4  "  that  a  mixture  of  chlorine  and 
hydrogen  acted  more  rapidly  upon  each  other,  combining  without 
explosion,  when  exposed  to  the  red  rays,  than  when  placed  in  the 
violet  rays;  but  that  solution  of  chlorine  in  water  became  solution 
of  muriatic  acid  most  rapidly,  when  placed  in  the  most  refrangible 
"ays  of  the  spectrum.  Puce-coloured  oxide  of  lead,  when  moisten- 
ed, gradually  gained  a  tint  of  red  in  the  least  refrangible  rays,  and 
at  last  became  black,  but  was  not  affected  in  the  most  refrangible 
rays;  and  the  same  change  was  produced  by  exposing  it  to  a  current 
of  hydrogen  gas.  The  oxide  of  mercury,  procured  by  solution  of 
potash  and  calomel,  exposed  to  the  spectrum,  was  not  changed  in 
the  most  refrangible  rays,  but  became  red  in  the  least  refrangible 
ones,  which  must  have  depended  on  its  absorbing  oxygen.  The 
violet  rays  produced,  upon  moistened  red  oxide  of  mercury,  the 
same  effects  as  hydrogen  gas." 

The  recent  experiments  of  Berard§  confirm  those  of  Ritter  and 
Wollaston  To  shew  the  disproportion  between  the  energies  of 
the  different  rays,  he  concentrated,  by  means  of  a  lens,  all  that 
part  of  the  spectrum,  which  extends  from  the  green  to  the  ex- 
treme violet;  and,  by  another  lens,  all  that  portion,  which  extends 

*  See  chap,  xviii.  sect.  4. 

j-  It  requires  yet  to  be  proved,  that  either  light  or  caloric  emanate  from  the 
sun.    C. 

*  El.  of  Chem.  Phil.  p.  211.  §  Thomson's  Annals,  ii.  165. 
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from  the  green  to  the  extremity  of  the  red.  In  the  focus  of  this 
last,  though  intensely  bright  to  the  eyes,  muriate  of  silver  remain- 
ed above  two  hours  unaltered;  but  in  that  of  the  former,  though 
much  less  bright,  it  was  blackened  in  less  than  six  minutes. 

VI.  There  is  an  exception,  however,  as  stated  by  Dr.  Wollaslon, 
to  the  cie-oxidizing  power  of  the  rays  above-mentioned.  The  sub» 
stance,  termed  gum  guaiacum,  has  the  property,  when  exposed  to 
the  light,  of  changing  from  a  yellowish  colour  to  green  ;  and  this 
effect  he  has  ascertained  to  be  connected  with  the  absorption  of 
oxygen.  Now,  in  the  most  refrangible  rays,  which  would  fall  be- 
yond the  violet  extremity,  he  found  that  this  substance  became 
green,  and  was  again  changed  to  yellow  by  the  least  refrangible. 
This  is  precisely  the  reverse  of  what  happens  to  muriate  of  sil- 
ver, which  is  blackened,  or  de-oxidized,  by  the  most  refrangible; 
and  has  its  colour  restored,  or  is  again  oxygenized,  in  the  least  re- 
frangible rays. 

VII.  Certain  bodies  have  the  property  of  absorbing  the  rays  of 
light  in  their  totality  ;  of  retaining  them  for  some  time  ;  and  of 
again  evolving  them  unchanged,  and  unaccompanied  by  sensible 
heat.  Thus,  in  an  experiment  of  Du  Fay,  a  diamond  exposed  to 
the  sun,  and  immediately  covered  with  black  wax,  shone  in  the 
dark,  on  removing  the  wax,  at  the  expiration  of  several  months. 
Bodies,  gifted  with  this  property,  are  called  solar  phosphori. 
Such  are  Canton's,  Baldwin's,  Romberg's,  and  the  Bolognian  phos- 
phori, which  will  be  described  hereafter.  To  the  same  class  be- 
long several  natural  bodies,  which  retain  light,  and  give  it  out 
unchanged.  Thus  snow  is  a  natural  solar  phosphorus.  So  also 
is,  occasionally,  the  sea  when  agitated  ;  putrid  fish  have  a  simi- 
lar property ;  and  the  glow-worm  belongs  to  the  same  class. 
These  phenomena  are  independent  of  every  thing  like  combus- 
tion ;  for  artificial  phosphori,  after  exposure  to  the  sun's  rays, 
shine  in  the  dark,  when  placed  in  the  vacuum  of  an  air- 
pump,  or  under  water,  &c,  where  no  air  is  present  to  effect 
combustion.* 

VIII.  From  solar  phosphori,  the  extrication  of  light  is  facilitated 
by  the  application  of  an  elevated  temperature ;  and,  after  having 

*  This  opinion  of  the  absorption  of  light,  requires  further  proof  before  it  can 
be  safely  admitted.  A  fact  stated  by  Sir  H.  Davy  strongly  opposes  it.  He  says, 
"  If  specific  highly  rare  imponderable  fluids  be  assumed  to  account  for  the  phe- 
nomena (of  Light),  as  many  must  be  adopted,  as  there  are  different  series  of 
effects  produced  by  different  rays.  There  must  be  a  matter  of  violet  light,  a 
matter  of  blue  light,  and  so  on  :  and  likewise,  ade-oxydating  ethereal  matter,  a 
calorific  solar  matter,  and  a  calorific  terrestrial  matter,  which  is  very  contradicto- 
ry to  the  usual  simplicity  of  causes  observable  in  the  economy  of  things  ;  and  the 
idea  is  likewise  rendered  improbable  by  experiments  on  solar  phosphori.  When 
a  mixture  of  calcined  oyster  shells  and  sulphur,  that  have  been  heated  toge- 
ther, is  exposed  to  the  solar  rays,  it  forms  a  good  solar  phosphorus,  it  becomes 
luminous,  and  continues  so  for  some  minutes  in  the  dark :  and  to  whichever  of 
the  prismatic  rays  it  be  exposed,  its  light  is  always  the  same,  pale  yellow." — "  But 
if  light  be  supposed  specific  in  its  kind,  and  absorbed  and  emitted;  then,  wheft 
the  phosphorus  is  exposed  to  blue  rays,  blue  rays  alone  ought  to  be  emitted, 
which  is  not  the  case."    El.  of  Ch.  Phil.  p.  219.  Eng.  edit.    C. 
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ceased  to  shine  at  the  ordinary  temperature,  they  again  emit  light 
when  exposed  to  an  increase  of  heat.  Several  bodies,  which  do  not 
otherwise  give  out  light,  evolve  it,  or  become  phosphorescent, 
when  heated.  Thus,  powdered  fluate  of  lime  becomes  luminous, 
when  thrown  on  an  iron  plate  raised  to  a  temperature  rather  above 
that  of  boiling  water.  The  yolk  of  an  egg,  when  dried,  becomes 
luminous,  on  being  heated  ;  and  so  also  does  tallow  during  liquc  fac- 
tion. To  exhibit  the  last  mentioned  fact,  it  is  merely  necessary  to 
place  a  lump  of  tallow  on  a  coal,  heated  below  ignition,  making  the 
experiment  in  a  dark  room. 

IX.  Attrition,  also,  evolves  light.  Thus,  two  pieces  of  common 
bonnet  cane,  rubbed  strongly  against  each  other  in  the  dark,  emit 
a  faint  light.  Two  pieces  of  borax  have  the  same  property  much 
more  remarkably. 

X.  Light  is  disengaged  in  various  cases  of  chemical  combination. 
Whenever  combustion  is  a  part  of  the  phenomena,  this  is  well 
known  to  happen  ;  but  light  is  evolved,  also,  in  other  instances, 
where  nothing  like  combustion  goes  forward.  Thus,  fresh  prepared 
pure  magnesia,  added  suddenly  to  highly  concentrated  sulphuric 
acid,  exhibits  a  red  heat.* 

XI.  For  measuring  the  relative  intensities  of  light  from  various 
sources,  an  instrument  has  been  contrived,  called  the  photometer. 
That  of  Count  Rumford,  described  in  the  84th  volume  of  the  Phi- 
losophical Transactions,  being  founded  on  optical  principles,  does 
not  fall  strictly  within  the  province  of  this  work.  It  is  constructed 
on  the  principle,  that  the  power  of  a  burning  body,  to  illuminate  any 
defined  space,  is  directly  as  the  intensity  of  the  light,  and  inversely 
as  the  square  of  the  distance.  If  two  unequal  lights  shine  on  the 
same  surface  at  equal  obliquities,  and  an  opake  body  be  interposed 
between  each  of  them  and  the  illuminated  surface,  the  two  shadows 
must  differ  in  intensity  or  blackness  ;  for  the  shadow  formed  by  in- 
tercepting the  greater  light  will  be  illuminated  by  the  lesser  light 
only  ;  and,  reversely,  the  other  shadow  will  be  illuminated  by  the 
greater  light ;  that  is,  the  stronger  light  will  be  attended  with  the 
deeper  shadow.  But  it  is  easy,  by  removing  the  stronger  light  to  a 
greater  distance,  to  render  the  shadow  which  it  produces,  not  deep- 
er than  that  of  the  smaller,  or  of  precisely  the  same  intensity.  This 
equalization  being  effected,  the  quantity  of  light  emitted  by  each 
lamp,  or  candle,  will  be  as  the  square  of  the  distance  of  the  burning 
body  from  the  white  surface. 

The  photometer  of  Mr.  Leslie  is  founded  on  a  different  princi- 
ple, viz.  that  light,  in  proportion  to  its  absorption,  produces  heat. 
The  degree  of  heat  produced,  and  consequently  of  light  absorbed, 
is  measured  by  the  expansion  of  a  confined  portion  of  air.  A  minute 
description  of  the  ingenious  instrument  contrived  by  Mr.  Leslie 
with  this  view,  may  be  seen  in  his  work  on  Heat,  or  in  the  3d  vol. 
of  Nicholson's  4to  Journal.  In  its  construction,  it  bears  a  consi- 
derable resemblance  to  the  differential  thermometer,  already  de- 

*  From  whence  do  the  heat  and  light  arise  in  this  case— for  both  bodies  are 
incombustible,  and  therefore  oxygen  gas  is  not  present  in  the  process  ?    C 
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scribed,  page  114,  and  represented  plate  i.  fig.  7.  As  both  the 
balls  of  the  latter*  instrument,  however,  are  transparent,  no  change 
ensues  in  the  situation  of  the  coloured  liquid  when  it  is  exposed  to 
the  variations  of  light.  But,  in  the  photometer,  one  of  the  balls  is 
rendered  opake,  either  by  tinging  the  glass,  or  by  covering  it  with 
a  pigment ;  and  hence  this  ball,  absorbing  the  incident  light  which 
passes  freely  through  the  transparent  one,  the  air  included  in  it  be- 
comes warmer  than  that  of  the  other  ball,  and,  by  its  great  elasticity, 
forces  the  liquid  up  the  opposite  leg  of  the  instrument.  A  gradu- 
ated scale  measures  the  amount  of  the  effect ;  and  a  glass  covering 
defends  the  photometer  from  being  influenced  by  the  temperature 
of  the  atmosphere. 

The  important  discoveries  of  Malus,  respecting  the  polarisation 
of  light,  scarcely  fall  within  the  province  of  this  work,  and  I  refer, 
therefore,  for  a  popular  statement  of  them  to  the  33d  vol.  of 
Nicholson's  Journal,  p.  344. 


CHAPTER  V. 

OF    GASES. 


SECTION  I. 

Of  the  Apparatus  for  Gases. 

For  performing  the  necessary  experiments  on  gases,  many  ar- 
ticles of  apparatus  are  essential,  that  have  not  hitherto  been  de-> 
scribed.  It  may  assist  the  student  in  obtaining  the  necessary  in- 
struments, if  a  few  of  the  most  essential  be  here  enumerated.  In 
this  place,  however,  I  shall  mention  such  only,  as  are  necessary  in 
making  a  few  general  experiments  on  this  interesting  class  of  bo- 
dies. 

The  apparatus,  required  for  experiments  on  gases,  consists 
partly  of  vessels  fitted  for  containing  the  materials  that  afford  them, 
and  partly  of  vessels  adapted  for  the  reception  of  gases,  and  for 
submitting  them  to  experiment. 

1.  For  procuring  such  gases  as  are  producible  without  a  very 
strong  heat,  glass  bottles,  furnished  with  ground  stoppers  and  bent 
tubes,  are  sufficient  (plate  ii.  fig.  18.)  Of  these  several  will  be  re- 
quired, of  different  sizes  and  shapes,  adapted  to  different  purposes. 
If  these  cannot  be  procured,  a  Florence  flask,  with  a  cork  perfo- 
rated by  a  bent  glass  tube,  or  even  by  a  tin  pipe,  will  serve  for  ob- 
taining some  of  the  gases. 

Those  gases  that  require,  for  their  liberation,  a  red  heat,  may 
be  procured,  by  exposing  to  heat  the  substance  capable  of  afford- 
ing them,  in  earthen  retorts  or  tubes ;  or  in  a  gun-barrel,  the 
touch-hole  of  which  has  been  accurately  closed  by  an  iron  pin.  To 


SECT.  I.  APPARATUS   FOR    GA6ES.  87 

the  mouth  of  the  barrel  must  be  affixed  a  glass  tube,  bent  so  as  to 
convey  the  gases  where  it  may  be  requisite. 

A  very  convenient  apparatus,  lor  obtaining  such  gases  as  cannot 
be  disengaged  without  a  red  heat,  is  sold  at  the  shops  for  philoso- 
phical apparatus  in  London.  It  consists  of  a  cast-iron  retort,  to 
which  a  jointed  metallic  conducting  tube  is  fitted  by  grinding;  and 
by  means  of  which  the  gas  may  be  conveyed  in  any  direction,  and 
to  any  moderate  distance.  It  is  represented  as  placed,  when  in 
actual  use,  between  the  bars  of  a  common  fire-grate  (plate  ix.  fig. 
85,  a,  b.) 

2.  For  receiving  the  gases,  glass  jars,  of  various  sizes,  (figs.  21, 
22,  23,)  are  required,  some  of  which  should  be  furnished  with 
necks  at  the  top,  fitted  with  ground  stoppers.  Others  should  be 
provided  with  brass  caps,  and  screws,  for  the  reception  of  air-cocks 
(fig.  22).  Of  these  last,  (the  air-cocks.)  several  will  be  found  ne- 
cessary ;  and,  to  some  of  them,  bladders,  or  elastic  bottles,  should 
be  firmly  tied,  for  the  purpose  of  transferring  gases.  These  jars 
will  also  be  found  extremely  useful  in  experiments  on  the  proper- 
ties and  effects  of  the  gases.  Some  of  them  should  be  graduated 
into  cubical  inches. 

To  contain  these  jars,  when  in  use,  a  vessel  will  be  necessary, 
capable  of  holding  a  few  gallons  of  water.  This  may  either  be  of 
wood,  if  of  considerable  size ;  or,  if  small,  of  tin,  japanned  or 
painted.  Plate  iv.  fig.  41,  //  exhibits  a  section  of  this  apparatus, 
which  has  been  termed  the  pneumato-chemical  trough,  or  pneuma- 
tic cistern.  Its  size  may  vary  with  that  of  the  jars  employed  ;  and, 
about  two  or  three  inches  from  the  top,  it  should  have  a  shelf,  on 
which  the  jars  may  be  placed,  when  filled  with  air,  without  the  risk 
of  being  overset.  In  this  shelf  should  be  a  few  small  holes,  to 
which  inverted  funnels  may  be  soldered. 

A  glass  tube,  about  18  inches  long,  and  three  quarters  of  an 
inch  diameter  (fig.  24,)  closed  at  one  end,  and  divided  into  cubic 
inches,  and  tenths  of  inches,  will  be  required  for  ascertaining  the 
purity  of  air  by  nitrous  gas.  It  should  be  accompanied  also  with 
a  small  measure,  containing  about  two  cubic  inches,  and  similarly 
graduated.  For  employing  the  solution  of  nitrous  gas  in  liquid 
sulphate  of  iron,  (a  happy  invention  of  Sir  H.  Davy,  which  leaves 
very  little  to  be  desired  in  eudiomeiry,)  glass  tubes,  about  five 
inches  long,  and  half  an  inch  wide,  divided  decimally,  are  also  ne- 
cessary. Besides  these,  the  experimentalist  should  be  furnished 
with  air  funnels,  (fig.  19,)  for  transferring  gases  from  wide  to  nar- 
row vessels. 

An  apparatus,  almost  indispensable  in  experiments  on  this  class 
of  bodies,  is  a  gazometer,  which  enables  the  chemist  to  collect 
and  to  preserve  lar^e  quantities  of  gas,  with  the  aid  of  only  a  few 
pounds  of  water.  In  the  form  of  this  apparatus  there  is  considera- 
ble variety  ;  but,  at  present,  I  have  no  other  view  than  that  of  ex- 
plaining its  general  construction  and  use.  It  consists  of  an  outer 
fixed  vessel  d,  (plate  iv.  fig.  35,)  and  an  inner  moveable  one  c,  both 
ot  japanned  iron.  The  latter  slides  easily  up  and  down  within  the 
other,  and  is  suspended  by  cords  passing  over  pullevs,  to  which  arc 
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attached  the  counterpoises,  e  e.  To  avoid  the  incumbrance  of  ft 
great  weight  of  water,  the  outer  vessel  d  is  made  double,  or  is 
composed  of  two  cylinders,  the  inner  one  of  which  is  closed  at  the 
top  and  at  the  bottom.  The  space  of  only  about  half  an  inch  is 
left  between  the  two  cylinders,  as  shown  by  the  doited  lines.  In 
this  space  the  vessel  c  may  move  freeiy  up  and  down.  The  inter- 
val is  nlled  with  water  as  high  as  the  top  of  the  inner  cylinder. 
The  cup,  or  rim,  at  the  top  of  the  outer  vessel,  is  to  prevent  the 
water  Irom  overflowing,  when  the  vessel  c  is  forcibly  pressed  down, 
in  which  situation  it  is  placed  whenever  gas  is  about  to  be  collect- 
ed. The  gas  enters  from  the  vessel  in  which  it  is  produced,  by 
the  communicating  pipe  6,  and  passes  along  the  perpendicular  pipe 
marked  by  dotted  lines  in  the  centre,  into  the  cavity  of  the  vessel 
c,  which  continues  rising  till  it  is  full. 

To  transfer  U-.e  gas,  or  to  apply  it  to  any  purpose,  the  cock  b  is 
to  be  -hut,  and  an  empty  bladder,  or  bottle  of  elastic  gum,  furnish* 
ea  with  a  stop  cock,  to  be  sciewed  on  a.  When  the  vessel  c  is 
pressed  down  with  the  hand,  the  gas  passes  down  the  central  pipe, 
which  it  had  betore  ascended,  and  its  escape  at  b  being  prevented, 
it  finds  its  way  up  a  pipe  which  is  fixed  to  the  outer  surface  of  the 
vessel,  and  which  is  terminated  by  the  cock  a.  By  means  of  an 
ivory  mouth-piece  screwed  upon  this  cock,  the  gas,  included  in  the 
instrument,  may  be  respired  ;  the  nostrils  being  closed  by  the  fin- 
gers. When  it  is  required  to  transfer  the  gas  into  glass  jars  stand- 
ing inverted  in  water,  a  crooked  tube  may  be  employed,  one  end  of 
which  is  screwed  upon  the  eock  b ;  while  the  other  aperture  is 
brought  under  the  inverted  funnel,  fixed  into  the  shelf  of  the  pneu- 
matic trough.     (See  fig.  41,  c.) 

Several  alterations  have  been  made  in  the  form  of  this  appara- 
tus ;  but  they  are  principally  such  as  add  merely  to  its  neatness  and 
beauty,  and  not  to  its  utility;  and  they  render  it  less  easy  of  expla- 
na:  ion.  The  counterpoises  e  e  are  now,  generally,  concealed  in  the 
framing,  and  the  vessel  c  is  frequently  made  of  glass. 

When  large  quantities  of  gas  are  required,  (as  at  a  public  lec- 
ture,) the  gas-holder,  (plate  iv.  fig.  36,)  will  be  found  extremely 
useful.  It  is  made  of  tinned  iron  plate,  japanned  both  within  and 
without.  Two  short  pipes,  a  and  c,  terminated  by  cocks,  proceed 
from  its  sides,  and  another,  b,  passes  through  the  middle  of  the  top 
or  cover,  to  which  it  is  soldered,  and  reaches  within  half  an  inch 
of  the  bottom.  It  will  be  found  convenient  also  to  have  an  air- 
cock,  with  a  very  wide  bore,  fixed  to  the  funnel  at  b.  When  gas 
is  to  be  transferred  into  this  vessel  from  the  gazometer,  the  vessel 
is  first  completely  filled  with  water  through  the  funnel,  the  cock  a 
being  left  open,  and  c  shut.  By  means  of  a  horizontal  pipe,  the 
aperture  a  is  connected  with  a  of  the  gazometer.  The  cock  b  be- 
ing shut,  a  and  c  are  opened,  and  the  vessel  c  of  the  gazometer,  (fig. 
35,)  gently  pressed  downwards  with  the  hand.  The  gas  then  de- 
scends from  the  gazometer  till  the  air-holder  is  full,  which  may  be 
known  by  the  water  ceasing  to  escape  through  the  cock  c.  All 
the  cocks  are  then  to  be  shut,  and  the  vessels  disunited.  To  ap- 
ply this  gas  to  any  purpose,  an  empty  bladder  may  be  screwed  on 
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c;  and  water  being  poured  through  the  funnel  b,  a  corresponding 
quantity  ot  g:«s  is  forced  into  the  bladder.  By  lengthening  the 
pipe  b,  the  pressure  of  a  column  of  water  may  be  added  ;  and  ihe 
gas  being  fore  isiderable  velocity,  may  be  ap- 

plied f'  .    >cpose  of  a  blow-pipe,  &c.  Sec.     The  apparatus  ad- 

ni'  variety  of  modifications.     The  most    ireful  one  appears 

t  e  to  be  that  contrived  by  Mr.  Pepys,  consisting  chiefly  in  the 
addition  of  a  shallow  cistern,  (c?,  plate  ix.  fig.  85,)  to  the  lo.>  of  the 
air-holder,  and  of  a  glass  register  tube  f\  which  shows  the  height 
of  the  water,  and  consequently  the  quantity  of  gas,  in  the  vessel. 
A  more  minute  account  of  it  will  be  given  in  the  description  of  the 
ninth  plate.* 

The  gazometer,  already  described,  is  fitted  only  for  the  recep- 
tion of  gases  that  are  confinable  by  water;  because  quicksilver 
would  act  on  the  tinning  and  solder  of  the  vessel,  and  would  not 
only  be  spoiled  itself,  but  would  destroy  the  apparatus.  Yet  an 
instrument  of  this  kind,  in  which  mercury  can  be  employed,  is  pe- 
culiarly desirable,  on  account  of  the  great  weight  of  that  fluid  ; 
and  two  varieties  of  the  mercurial  gazometer  have,  therefore,  been 
invented.  The  one,  of  glass,  is  the  contrivance  of  Mr,  Clayfield, 
and  may  be  seen  represented  in  the  plate  prefixed  to  Sir  H.  Davy's 
Researches.  In  the  other,  invented  by  Mr.  Pepys,  the  cistern  for 
the  mercury  is  of  cast-iron.  A  drawing  and  description  of  it  may 
be  found  in  the  5th  vol.  of  the  Philosophical  Magazine;  but  as 
neither  of  these  instruments  are  essential  to  the  chemical  student, 
and  as  they  are  required  only  in  experiments  of  research,  I  deem 
it  sufficient  to  refer  to  the  minute  descriptions  of  their  respective 
inventors. 

For  those  gases  that  are  absorbed  by  water,  a  mercurial  trough 
is  necessary.  For  the  mere  exhibition  of  a  few  experiments  on 
these  condensible  gases,  a  small  wooden  trough,  1  1  inches  long, 
two  wide,  and  two  deep,  cut  out  of  a  solid  block  of  mahogany,  is 
sufficient ;  but  for  experiments  of  research,  one  of  considerable 
size  is  required.     (See  plate  iii.  fig.  31,/./) 

The  apparatus,  required  for  submitting  gases  to  the  action  of  elec- 
tricity, is  shown  in  plate  ix.  fig.  84;  where  a  represents  the  knob 
of  the  prime  conductor  of  an  electrical  machine  ;  b  a  Leyden  jar, 
the  ball  of  which  is  in  contact  with  it,  as  when  in  the  act  of  charg- 
ing ;  and  c  the  tube  standing  inverted  in  mercury,  and  partly  filled 
with  gas.  The  mercury  is  contained  in  a  strong  wooden  box  rf,  to 
which  is  screwed  the  upright  iron  pillar  e,  with  a  sliding  collar  for 
securing  the  tube  c,  in  a  perpendicular  position.  When  the  jar  b 
is  charged  to  a  certain  intensity,  it  discharges  itself  between  the 
knob  a  and  the  small  ball  z,  which,  with  the  wire,  connected  with 
it,  may  be  occasionally  fitted  on  the  top  of  the  tube  c.  The  strength 
of  the  shocks  is  regulated  by  the  distance  between  a  and  i. 

By  the  same  apparatus,  inflammable  mixtures  of  gases  may  be 
exploded  by  electricity.     In  this  case,  however,  the  jar  b  is  unne- 

*  Descriptions  and  figures  of  improved  gas-holders  may  be  seen  also  in  the 
13th,  24th,  27th,  and  44th  vols,  of  the  Philosophical  Magazine. 
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cessary,  a  spark  received  by  i  from  a  being  sufficient  to  kindle  the 
mixture.  . 

The  method  of  weighing  gases  is  very  simple  and  easily  practised. 
For  this  purpose,  however,  it  is  necessary  to  be  provided  with  a 
good  uir  pump ;  and  with  a  globe  or  flask,  furnished  with  a  brass 
cap  and  air-cock,  as  shown  fig.  22,  b.  A  graduated  receiver  is  also 
required,  to  which  an  air-cock  is  adapted,  as  shown  at  fig.  22,  a. 

Supposing  the  receiver  a  to  be  filled  with  any  gas,  the  weight  of 
which  is  to  be  ascertained,  we  screw  the  cock  of  the  vessel  b  on 
the  transfer  plate  of  an  air-pump,  and  exhaust  it  as  completely  as 
possible.  The  weight  of  the  exhausted  vessel  is  then  very  accu- 
rately taken,  even  to  a  small  fraction  of  a  grain  ;  and  it  is  screwed 
upon  the  air-cock  of  the  receiver  a.  On  opening  both  cocks,  the 
last  of  which  should  be  turned  very  gradually,  the  gas  ascends 
from  the  vessel  a;  and  the  quantity,  which  enters  into  the  flask,  is 
known  by  the  graduated  scale  on  a.  On  weighing  the  vessel  a  se- 
cond time,  we  ascertain  how  many  grains  have  been  admitted. 
If  we  have  operated  on  common  air,  we  shall  find  its  weight  to  be 
at  the  rate  of  about  30.5  grains  to  100  cubical  inches.  The  same 
quantity  of  oxygen  gas  will  weigh  about  34  grains,  and  of  carbonic 
acid  gas  upwards  of  47  grains. 

In  experiments  of  this  kind  it  is  necessary  either  to  operate  with 
the  barometer  at  30  inches,  and  the  thermometer  at  60°  Fahren- 
heit, or  to  reduce  the  volume  of  gas  employed  to  that  pressure  and 
temperature,  by  rules  which  are  given  in  the  Appendix.  Great 
care  is  to  be  taken,  also,  not  to  warm  any  of  the  vessels  by  contact 
with  the  hands,  from  which  they  should  be  defended  by  a  glove. 
On  opening  the  communication  between  the  receiver  and  the  ex- 
hausted vessel,  if  any  water  be  lodged  in  the  air- cock  attached  to 
the  former,  it  will  be  forcibly  driven  into  the  latter,  and  the  expe- 
riment will  be  frustrated.  This  may  be  avoided  by  using  great  care 
in  filling  the  receiver  with  water,  before  passing  into  it  the  gas  un- 
der examination. 

The  specific  gravity  of  any  gas,  compared  with  common  air,  is 
readily  known,  when  we  have  once  determined  its  absolute  weight. 
Thus  if  100  cubic  inches  of  air  weigh  30.5  grains,  and  the  same 
quantity  of  oxygen  gas  weighs  34  grains,  we  say, 

30.5  :  34  ::  1.000  :  1.1147. 
The  specific  gravity  of  oxygen  gas  will  therefore  be  as  1.1147  to 
1.000.  We  may  determine,  also,  the  specific  gravity  of  gases, 
more  simply,  by  weighing  the  flask,  first  when  full  of  common  air, 
and  again  when  exhausted;  and  afterwards  by  admitting  into  it  as 
much  of  the  gas  under  examination  as  it  will  receive  ;  and  weigh- 
ing it  a  third  time.  Now  as  the  loss  between  the  first  and  second 
weighing  is  to  the  gain  of  weight  on  admitting  the  gas,  so  is  com- 
mon air  to  the  gas  whose  specific  gravity  we  are  estimating.  Sup- 
posing, for  example,  that  by  exhausting  the  flask  it  loses  30.5 
grains,  and  that  by  admitting  carbonic  acid  it  gains  47 ;  then 

30.5  :  47  ::  1.000  :  1.5409. 
The  specific  gravity  of  carbonic  acid  is  therefore  1.5409,  air  being 
taken  at  1.000.    And  knowing  its  specific  gravity,  we  can,  without 
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any  farther  experiment,  determine  the  weight  of  100  cubic  inches 
of  carbonic  acid;  for  as  the  specific  gravity  of  air  is  to  that  of  car- 
bonic acid,  so  is  30.5  to  the  number  required;  or 

1.000  :  1.5409  ::  30.5  :  47. 
One  hundred  inches  of  carbonic  acid,  therefore,  will  weigh  47 
grains. 

Previously  to  undertaking  experiments  on  other  gases,  it  may  be 
well  for  an  unpractised  experimentalist  to  accustom  himself  to  the 
dexterous  management  of  gases,  by  transferring  common  air  from 
one  vessel  to  another  of  different  sizes. 

1.  When  a  glass  jar,  closed  at  one  end,  is  filled  with  water,  and 
held  with  its  mouth  downwards,  in  however  small  a  quantity  of  wa- 
ter, the  fluid  is  retained  in  its  place  by  the  pressure  of  the  atmos- 
phere on  the  surface  of  the  exterior  water.  Fill  in  this  manner, 
and  invert,  on  the  shelf  of  the  pneumatic  trough,  one  of  the  jars, 
which  is  furnished  with  a  stopper  (fig.  23).  The  water  will  re- 
main in  the  jar  so  long  as  the  stopper  is  closed ;  but  immediately 
on  removing  it,  the  water  will  descend  to  the  same  level  within  as 
without;  for  it  is  now  pressed,  equally  upwards  and  downwards, 
by  the  atmosphere,  and  falls,  therelore,  in  consequence  of  its  own 
gravity. 

2.  Place  the  jar,  filled  with  water  and  inverted,  over  one  of  the 
funnels  of  the  shelf  of  the  pneumatic  trough.  Then  take  another 
jar,  filled  (as  it  will  be  of  course)  with  atmospherical  air.  Place 
the  latter  with  its  mouth  on  the  surface  of  the  water;  and  on  press- 
ing it  in  the  same  position  below  the  surface,  the  included  air  will 
remain  in  its  situation.  Bring  the  mouth  of  the  jar  beneath  the 
funnel  in  the  shelf,  and  incline  it  gradually.  The  air  will  now  rise 
in  bubbles,  through  the  funnel,  into  the  upper  jar,  and  will  expel 
the  water  from  it  into  the  trough. 

3.  Let  one  of  the  jars,  provided  with  a  stop-cock  at  the  top,  be 
placed  full  of  air  on  the  shelf  of  the  trough.  Screw  upon  it  an 
empty  bladder;  open  the  communication  between  the  jar  and  the 
bladder,  and  press  the  former  into  the  water.  The  air  will  then 
pass  into  the  bladder,  till  it  is  filled;  and  when  the  bladder  is  re- 
moved from  the  jar,  and  a  pipe  screwed  upon  it,  the  air  may  be 
again  transferred  into  a  jar  inverted  in  water. 

4.  For  the  purpose  of  transferring  gases  from  a  wide  vessel, 
standing  over  water,  into  a  small  tube  filled  with  and  inverted  in 
mercury,  I  have  long  used  the  following  contrivance  of  Mr.  Caven- 
dish. A  tube,  eight  or  ten  inches  long,  and  of  very  small  diameter, 
is  drawn  out  to  a  fine  bore,  and  bent  at  this  end,  so  as  to  resemble 
the  italic  letter  /.  The  point  is  then  immersed  in  quicksilver, 
which  is  drawn  into  the  tube  till  it  is  filled,  by  the  action  of  the 
mouth.  Placing  the  finger  over  the  aperture  at  the  straight  end, 
the  tube  is  next  conveyed  through  the  water,  with  the  bent  end  up- 
permost, into  an  inverted  jar  of  gas.  When  the  finger  is  removed, 
the  quicksilver  falls  from  the  tube  into  the  trough,  or  into  a  cup 
placed  to  receive  it,  and  the  tube  is  filled  with  the  gas.    The  whole 
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of  the  quicksilver,  however,  must  not  be  allowed  to  escape  ;  but  a 
column  must  be  left,  three  or  tour  inches  long,  and  mast  be  kept 
in  its  place  by  the  finger.  Remove  the  tube  from  the  water;  let 
an  assistant  dry  it  with  blotting  paper;  and  introduce  the  point  of 
the  bent  end  into  the  aperture  of  the  tube  standing  over  quicksil- 
ver. Or.  withdrawing  the  finger  from  tnat  aperture  which  is  now 
uppermost,  the  pressure  of  the  column  of  quicksilver,  added  to  the 
weight  of  the  atmosphere,  will  force  the  gas  from  the  bent  tuba 
into  the  one  standing  in  the  mercurial  trough. 

On  every  occasion,  when  it  is  necessary  to  observe  the  precise 
quantity  of  gas,  at  the  commencement  and  close  of  an  experiment, 
it  is  essential  that  the  barometer  and  thermometer  should  exactly 
co  respond  at  both  periods.  An  increased  temperature, or  a  fall  of 
the  barometer,  augments  the  apparent  quantity  of  gas  ;  and  a  re- 
duced temperature  or  a  higher  barometer  diminishes  its  bulk. 
Another  circumstance, an  attention  to  which  is  indispensable  in  all 
accurate  experiments,  is  that  the  surface  of  the  fluid,  by  which  the 
gas  is  confined;  should  be  precisely  at  the  same  level  within  and 
without  the  jar.  If  the  fluid  be  higher  within  the  jar,  the  contain- 
ed gas  will  be  under  a  less  pressure  than  that  of  the  atmosphere, the 
weight  of  which  is  counterpoised  by  that  of  the  column  of  fluid 
within.  In  mercury,  this  source  of  error  is  of  very  considerable 
amount ;  as  any  person  may  be  satisfied  by  pressing  down,  into 
quicks'lver,  a  tubt  partly  fiiled  with  that  fluid,  and  partly  with  air, 
for  the  volume  of  the  air  will  gradually  decrease,  the  deeper  the 
tube  is  immersed. 

In  experiments  on  gases,  it  is  not  always  possible,  however,  to 
begin  and  conclude  an  experiment  at  precisely  the  same  tempera- 
ture, or  with  the  same  height  of  the  barometer;  or  even  to  bring 
the  mercury  within  and  without  the  receiver  to  the  same  level.  In 
these  cases,  therefore,  calculation  becomes  necessary  ;  and,  with 
the  view  of  comparing  results  more  readily  and  accurately,  it  is 
usual  to  reduce  quantities  of  gas  to  the  bulk  they  would  occupy  un- 
der one  given  pressure,  and  at  a  given  temperature.  In  this  coun- 
try, it  is  now  customary  to  assume  as  a  standard  30  inches  of  the 
barometer,  and  60°  of  Fahrenheit's  thermometer  ;  and  to  bring  to 
these  standards  observations  made  under  other  degrees  of  atmo- 
spheric pressure  and  temperature.  The  rules  for  these  correc- 
tions, which  are  sufficiently  simple,  I  shall  give  in  the  Appendix. 

Of  experiments  illustrative  of  the  nature  of  gases  in  general,  it 
may  be  proper  to  mention  one  or  two  that  show  the  mode  in  which 
caloric  exists  in  this  class  of  bodies.  In  vapours,  strictly  so  called, 
as  the  steam  of  water,  caloric  seems  to  be  retained  with  but  little 
force  ;  for  it  quits  the  water  when  the  vapour  is  merely  exposed  to 
a  lower  temperature.  But,  in  gases,  caloric  is  united  by  very  forci- 
ble affinity,  and  no  diminution  of  temperature,  that  has  ever  yet 
been  effected,  can  separate  it  from  some  of  them.*  Thus  the  air  of 

*  Has  this  opinion,  so  universally'received,  ever  been  shewn  to  be  substantially 
'correct  ?  I  believe  not.    That  gases,  in  common  with  all  matter,  contain  a  due 
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our  atmosphere,  in  the  most  intense  artificial  or  natural  cold,  still 
remain*  in  the  aeriform  state.  Hence  is  derived  one  character  of 
gases,  viz.  that  they  remain  aeriform  under  almost  all  variations  of 
pressure  and  temperature  ;  and  in  this  class  are  also  included  those 
aerial  bodies,  which,  being  condensed  by  water,  require  confine- 
ment over  mercury.  The  following  experiment  will  show,  that  the 
caloric,  contained  in  gases,  is  chemically  combined. 

Into  a  small  retort  (plate  ii.  fig.  26,  b)  put  an  ounce  or  two  of 
well  dried  common  salt,  and  about  half  its  weight  of  sulphuric  acid. 
By  this  process,  a  great  quantity  of  gas  is  produced,  which  might 
be  received  and  collected  over  mercury.  But,  to  serve  the  purpose 
of  this  experiment,  let  it  pass  through  a  glass  balloon,  c,  having 
three  openings,  into  one  of  which  the  neck  of  the  retort  passes, 
while,  from  the  other,  a  tube  e  proceeds,  which  ends  in  a  vessel  of 
water,/,  of  the  temperature  of  the  atmosphere.  Before  closing  the 
apparatus,  let  a  thermometer,  d,  be  included  in  the  balloon,  to  show 
the  temperature  of  the  gas.  It  will  be  found  that  the  mercury,  in 
this  thermometer,  will  rise  only  a  few  degrees,  whereas  the  water, 
in  the  vessel  which  receives  the  bent  tube,  will  soon  become  boil- 
ing hot.  In  this  instance,  caloric  flows  from  the  lamp  to  the  muria- 
tic acid,  and  converts  it  into  gas  ;  but  the  heat,  thus  expended,  is 
not  appreciable  by  the  thermometer,  and  must,  therefore,  be  chemi- 
cally combined.  The  caloric,  however,  is  again  evolved,  when  the 
gas  is  condensed  by  water.  In  this  experiment,  we  trace  caloric 
into  a  latent  state,  and  again  into  the  state  of  free  or  uncombined 
caloric. 

A  considerable  part  of  the  caloric,  which  exists  in  gases  in  a  la- 
tent state,  may  be  rendered  sensible  by  rapid  mechanical  compres- 
sion. Thus,  if  air  be  suddenly  compressed  in  the  ball  of  an  air-gun, 
the  quantity  of  caloric  liberated  by  the  first  stroke  of  the  piston,  is 
sufficient  to  set  fire  to  a  piece  of  the  tinder  called  amadou*  A 
flash  of  light  is  said,  also  to  be  perceptible  at  the  moment  of  con- 


proportion  of  caloric,  which  according  to  circumstances  is  liberated  or  absorb- 
ed, is  undoubtedly  true;  but  that  caloric  is  the  sole  cause  of  their  elastic  aeriform 
state,  I  cannot  credit.  The  amount  of  caloric  given  off  in  the  condensation  of 
some  of  those  bodies,  as  ammonia,  muriatic  acid,  &c.  is  far  too  small  to  be  ac- 
counted for  on  this  principle;  and  when  muriatic  acid  gas  and  ammonical  gas 
meet  together,  and  form  a  solid  muriat  of  ammonia,  where  is  the  caloric  perceiv- 
ed, which  in  conformity  with  the  common  opinion,  ought  to  be  extricated.  Is  not 
the  small  quantity  apparent,  more  rationally  deducible  from  the  water  which  these 
gases  always  hold  in  solution,  and  which  by  passing  from  the  vaporous  to  the 
fluid  state,  must  necessarily  part  with  its  caloric  of  vaporization  ?  All  our  de- 
ductions relative  to  the  gases,  are  improperly  derived  from  experiments  on  wa- 
ter, whose  numerous  anomalies  I  have  already  adverted  to.  There  is  in  fact, 
no  good  reason  assigned,  why  we  should  not  believe  that  oxygen,  nitrogen,  and 
the  other  gases,  are  elastic  aerial  fluids,  per  se,  equally  as  much  so,  as  that  light, 
magnetism,  electricity,  and  caloric  are  independent  of  any  known  cause  for  their 
peculiar  state  of  cohesion.    C. 

*  Philosophical  Magazine,  xiv.  363,  and  xl.  424. 
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densation.  This  fact  has  been  applied  to  the  construction  of  a  por- 
table instrument  for  lighting  a  candle.  It  consists  ot  a  common 
syringe,  concealed  in  a  walking  stick.  At  the  lower  extremity,  the 
syringe  is  furnished  with  a  cap,  which  receives  the  substance  in- 
tended to  be  fired,  and  which  is  attached  to  the  instrument  by 
a  male  and  female  screw.  The  rapid  depression  of  the  piston 
condenses  the  air,  and  evolves  sufficient  heat  to  set  the  tinder  on 
fire.* 

For  demonstrating  the  influence  of  variations  of  atmospheric 
pressure  on  the  formation  of  gases,  better  experiments  cannot  be 
devised  than  those  of  Lavoisier.t  But  as  some  students,  who  have 
the  use  of  an  air-pump,  may  not  possess  the  apparatus  described 
by  Lavoisier  (the  glass  bell  and  sliding  wire),  it  may  be  proper  to 
point  out  an  easier  mode  of  showing  the  same  fact.  This  proof  is 
furnished  by  the  experiment  already  described,  in  which  ether  is 
made  to  assume  alternately  an  aeriform  and  liquid  state,  by  remov- 
ing and  restoring  the  pressure  of  the  atmosphere. 

Gases,  when  once  formed,  undergo  a  considerable  change  of  bulk 
by  variations  of  external  pressure.  The  general  law  which  has 
been  established  on  this  subject  is,  that  the  -volume  of  gases  is  in- 
versely as  the  compressing-  force.  If,  for  example,  we  have  a  quan- 
tity of  gas  occupying  60  cubic  inches  under  the  common  pressure 
of  the  atmosphere,  they  will  fill  the  space  of  only  30  cubic  inches*  or 
one  half  under  a  double  pressure  ;  of  20  inches,  or  one  3d,  under  a 
triple  pressure  ;  of  15  inches,  or  one  4th,  under  four  times  the  pres- 
sure ;  and  so  on. 

The  law  of  thedilatability  of  gases  by  heat  has  already  been  stated 
to  be  an  enlargement  of  about  -j^th  part  of  their  bulk  for  each  de- 
gree of  Fahrenheit's  scale,  between  the  freezing  and  boiling  points 
of  water. 

Before  dismissing  the  consideration  of  the  gases  in  general,  there 
are  a  few  properties,  which  it  may  be  proper  to  notice,  with  the 
view  of  comparing  the  degree,  in  which  they  belong  to  different 
individuals  of  the  class. 

1.  The  exact  specific  gravity  of  the  different  gases  is  a  most  im- 
portant element,  in  calculating  the  proportion  of  the  ingredients  of 
compounds,  into  which  they  enter.  Nothing,  indeed,  can  show  the 
importance  of  this  object  more  strikingly,  than  the  fact,  that  on  the 
precise  specific  gravities  of  hydrogen  and  oxygen  gases,  depend  the 
whole  series  of  numbers,  which  are  used  to  express  the  weights 
of  the  atoms  of  bodies  on  the  Daltonian  theory.  The  following  Ta- 
ble exhibits  the  specific  gravities  of  the  most  important  of  this  class 
of  bodies. 


*  Philosophical  Magazine,  xxxi.  130. 
f  See  his  Elements,  chap.  1. 
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TABLE  OF  THE  SPECIFIC  GRAVITY  OF  GASES. 

Barometer  30.     Thermometer  60°. 


Names  of  Gases. 


i  Wt.  of 
Specific  100  cub, 
Gravity  inches. 


Atmospherical  air   .  .  . 
s  Oxygen  gas  .  .  . 

v  «  XDilto 

£■  «  ^Hydrogen  gas  .  . 
icO  /Nitrogen  gas  .  . 
V  Chlorine  gas  .  . 
Ammoniacal  gas 
Carbd.  Hydr.from  stagnant  water 

Olefiant  gas 

Phosphuretted  hydrogen 

.  Ditto 

S  |  ^  Hydro-Phosphoric  gas 


o 

C 

c. 

£ 
o 

0 


Sulphuretted  hydrogen 

Ditto 

Arsenuretted  hydrogen 

Vapour  of  alcohol    .  .  . 

..Ditto  of  ether 

{Carbonic  oxide 
Nitrous  oxide 
Nitrous  gas 
Ditto 


Carbonic  acid .  . 

Ditto 

Muriatic  acid  .  . 

Nitric  acid  .  .  .  , 
{  Sulphurous  acid 

Ditto 

I  Phosgene  gas*  . 
J  Silicated  fluoric  . 
^Fluoboracic  .  .  . 


1.0000 

1.1088 

1.10359 

0.7321 

0.9691 

2.5u82 

0.5960 

0  666 

0.974 

0  852 

0.435 

0.870 

1.177 

1.231 

0.529 

2100 

2.250 

0.967 

1.614 

1049 

1.0388 

1.518 

15495 

1.278 

2.425 

2.193 

2.303 

3.669 

2.990 

2.370 


Grains. 

30.50 

33.82 

'  2.23* 
29.55 
76.50 
18.18 
20.66 
29  72 
25.98 
13.26 
26.53 
35.89 
38.17 
16.13 
65. 
70. 
3019 
49.22 
•32. 
31684 
4631 
47.26 
38.97 
76. 
66.89 
70.24 
111.91 
91.19 
72.31 


Authority. 


Shuckburgh. 

Allen  and   Pepys. 

Biot  and  Arago. 

Ditto. 

•Ditto. 

iDavy. 

Allen  and  Pepys. 

Dalton. 

Thomson. 

Dalton    and   Henry 

Davy. 

Ditto. 

Ditto. 

Thenard. 

TromsdorfT. 

Dalton. 

Ditto. 

Cruickshank. 

Davy. 

Ditto. 

Berard. 

Saussure. 

Allen  and   Pepys. 

Davy  and  Biot. 

Davy. 

Ditto. 

Gay  Lussac. 

John  Davy. 

Ditto. 

Ditto. 


2.  The  determination  of  the  sfiecj/ic  heat  of  gases  is  a  difficult  and 
important  problem,  which  has  successively  employed  the  labour 
and  ingenuity  of  Crawford,  Lavoisier  and  De  la  Place,  Leslie,  Gay 
Lussac,  Dalton,  and  Delaroche  and  Berard.  The  results  of  the  two 
last-mentioned  philosophers,  having  been  attained  with  the  advan- 
tages of  an  improved  state  of  the  science,  and  of  instruments  of  the 
greatest  delicacy  and  refinement,  are  most  entitled  to  confidence. 
The  details  of  their  experiments  are  given  in  the  85th  volume  of 
the  Annales  de  Chimie,  preceded  by  an  historical  review  of  the  la- 
bours of  their  predecessors.  The  following  Table  contains  the 
general  results. 

•  This  most  barbarous  term,  has  been  properly  objected  to  by  Thenard  in 
his  Chemistry.  "  Mr.  J.  Davy,  says  he,  has  proposed  the  name  of  phosgene — as 
much  as  to  say,  produced  by  light.  We  do  not  adopt  it,  because  it  gives  no 
idea  of  the  nature  of  the  substance."  Mr.  T.  has  given  it  the  appellation  of 
carbo-muriatic  acid  gas.    C 


96 


OASES. 


tfHAP.  V. 


TABLE  OF  THE  SPECIFIC  HEAT  OF  SOME  GASES. 


Names  of  Gases. 


Atmospheric  air 
Hydrogen  gas  . 
Oxygen  gas  .  .  . 
Nitrogen  gas.  .  . 
Nitrous  oxide  .  . 
Oiefianl  gas  .  . 
Carbonic  oxide  . 
Carbonic  acid  .  . 


Under 

equal 

volumes. 


l.o.OO 
0.9033 
0.9765 
1.0000 
l.oJ)3 
1  5  -30 
1.0  40 
1.2583 


Unde< 

equal 

weights. 


l.UJUO 

12.340 
0.3848 
1.0318 
0.8878 
1.5765 
1.0805 
0.8280 


Specific 
gravi- 
ties. 

1.0000 
"0.0732 
1.1036 
0  9691 
1.5209 
0  9885 
09569 
1.5196 


3.  The  colour  of  the  electric  sfiark,  when  transmitted  through 
different  gases,  has  been  observed  by  De  Grotthus*  to  be  as 
follows  : 

In  atmospheric  air  of  double  density,  the  spark  was  more  brilliant, 
but  not  coloured. 

In  hydrogen  gas purple. 

—  phosphuretted  hydrogen red. 

—  ammonia red. 

—  dry  carbonic  acid  gas violet. 

—  oxygen  gas ditto. 

—  aqueous  vapour orange. 

—  vapour   of  ether )  ,    . 

_  ditto  of  alcohol    J   '.  •  '  ' ;  '  '  ■  celadon  Sreen' 

The  general  inference  from  his  experiments  is,  that  the  inten- 
sity of  electric  light  is  always  in  a  direct  proportion  to  the  density 
of  the  gas,  and  in  the  inverse  proportion  to  the  conducting  power 
of  the  gas  for  electricity. 

4.  The  comjiarative  soniferous  jirofierties  of  the  gases  have  been  de- 
termined by  Messrs.  Kerby  and  Merrick  ;  but  as  these  belong  rather 
to  mechanical  than  to  chemical  science,  I  shall  content  myself  with 
referring  to  the  account  of  them  in  the  27th  and  33d  volumes  of  Ni- 
cholson's Journal. 


SECTION  II. 

Oxygen  Gas. 

We  have  no  knowledge  of  the  properties  of  oxygen  in  a  state  of 
complete  separation.  In  the  most  simple  form,  under  which  we  can 
procure  it,  it  is  combined  with  caloric,  and  probably  with  light  and 
electricity,  constituting  oxygen  gas. 

I.  Oxygen  gas  may  be  procured  from  various  substances. 

1.  From  the  black  oxide  of  manganese,  heated  to  redness  in  a 


*  82  An.  Ch.  34. 
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gun-barrel,  or  in  an  iron  or  earthen  retort ;  or,  from  the  same  oxide, 
heated  by  a  lamp  in  a  retort  or  gas  bottle,  with  haif  its  weight  of 
strong  sulphuric  acid. 

2.  From  the  red  oxide  of  lead  (the  common  red  lead  used  by 
painters),  heated  either  with  or  without  sulphuric  acid. 

3.  From  various  other  oxides,  as  will  be  hereafter  mentioned. 

4.  From  nitrate  of  potash  (common  saltpetre)  made  red  hot  in  a 
gun  barrel,  or  in  an  earthen  retort. 

5.  From  oxygenized  muriate  of  potash,  heated  in  a  small  glass  re- 
tort over  an  Argand's  lamp.  The  oxygen  gas  thus  produced,  is  much 
purer  than  that  obtained  in  any  other  mode,  especially  the  last  por- 
tions, which  should  be  kept  separate.* 

All  these  substances,  after  having  yielded  oxygen  gas,  are  found 
considerably  diminished  in  weight ;  and  calculating  each  cubic  inch 
of  gas  to  be  equal  to  one  third  of  a  grain,  the  loss  of  weight  will  be 
found  pretty  exactly  equivalent  to  that  of  gas  generated. 

II.  This  gas  has  the  following  properties : 

1.  It  is  not  absorbed  by  water  ;f  or,  at  least,  is  so  sparingly  absorb- 
ed, that,  when  agitated  in  contact  with  water,  no  perceptible  dimi- 
nution takes  place. 

2.  It  is  rather  heavier  than  common  air  — Sir  H.  Davy  originally 
stated  100  cubic  inches,  at  55®  Fahrenheit,  and  30  inches  of  the 
barometer,  to  weigh  35.06  grains  ;  and  at  the  temperature  of  60°, 
the  same  quantity  would  weigh  34.70,  or,  according  to  the  same 
author,  in  his  Elements  of  Chemical  Philosophy,  34  grains.  Messrs. 
Allen  and  Pepys  have  determined  100  cubic  inches  to  weigh  33.82 
grains,  the  barometer  being  30,  and  thermometer  60°.  By  Biot  and 
Arago  its  specific  gravity  is  stated  to  be  1.10359. 

2.  Ml  combustible  bodies  burn  in  oxygen  gas  ivith greatly  increas- 
ed  splendour. 

(a)  A  lighted  wax  taper,  fixed  to  an  iron  wire,  and  plunged 
into  a  vessel  of  this  gas,  burns  with  great  brilliancy,  pi.  iv.  fig.  38. 
If  the  taper  be  blown  out,  and  let  down  into  a  vessel  of  the  gas 
while  the  snuff  remains  red  hot,  it  instantly  rekindles,  with  a  slight 
explosion. 

\b)  A  red  hot  bit  of  charcoal,  fastened  to  a  copper  wire,  and  im- 
mersed in  the  gas,  throws  out  beautiful  sparks. 

(c)  The  light  of  phosphorus,  burnt  in  this  gas,  is  the  brightest 
that  can  be  in  any  mode  produced.  Let  the  phosphorus  be  placed 
in  a  small  hemispherical  tin  cup,  which  may  be  raised  by  means  of 
the  wire  stand,  pi.  ii.  fig.  25,  two  or  three  inches  above  the  surface 

*  Oxygen  gas  is  found  in  a  pure  state  in  the  air  vessel  of  a  fresh  laid  egg.  It  be- 
comes deteriorated  as  the  chick  advances  to  maturity.  This  fact  I  poiuted  out  in 
1794,  in  my  inaugural  dissertation.  The  operation  of  the  solar  light  on  vegeta- 
bles, omitted  in  this  place,  is  stated  by  Dr.  H.  as  an  abundant  source  of  oxygen, 
in  a  subsequent  part  of  his  work.     C. 

f  In  this  as  in  several  other  instances,  -where  a  gas  is  said  not  to  be  absorbed 
by  water,  the  assertion  is  not  to  be  taken  strictly,  but  merely  as  implying-  that 
only  a  minute  and  difficultly  appreciable  portion  is  absorbed.  The  precise 
proportion  of  each  gas  absorbed  by  water  is  stated  in  Chap.  vi.  Sec.  3,  in  the 
form  of  a  taW-e 
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of  water  contained  in  a  broad  shallow  dish.  Fill  a  bell-shaped  re- 
ceiver, having  an  open  neck  at  the  top,  to  which  a  compressed  blad- 
der is  firmly  tied,  with  oxygen  gas  ;  and,  as  it  stands  inverted  in 
watr,  press  a  circular  piece  of  pasteboard,  rather  exceeding  the 
jar  in  diameter,  over  its  mouth.  When  an  assistant  has  set  fire 
to  the  phosphorus,  cover  it  instantly  with  the  jar  of  oxygen  gas,  re- 
taining the  pasteboard  in  its  place,  till  the  jar  is  immediately  over 
the  cup.  When  this  has  been  skilfully  managed,  a  very  small  por- 
tion only  of  the  gas  will  escape  ;  and  the  inflammation  of  the  phos- 
phorus will  be  extremely  brilliant.  The  expanded  gas  rises  into 
the  flaccid  bladder,  and  is  thus  prevented  from  escaping  into  the 
room,  and  proving  disagreeable  by  its  suffocating  smell. 

(d)  Substitute,  for  the  phosphorus  in  experiment  c,  a  small  ball 
formed  of  turnings  of  zinc,  and  in  which  about  a  grain  of  phospho- 
rus is  inclosed.  Set  fire  to  the  phosphorus,  and  cover  it  expedi- 
tiously with  the  jar  of  oxygen.  The  zinc  will  be  inflamed,  and  will 
burn  with  a  beautiful  white  light.  A  similar  experiment  may  be 
made  with  metallic  arsenic,  which  may  be  moistened  with  spirit  of 
turpentine.  The  filings  of  various  metals  may  also  be  inflamed, 
by  placing  them  in  a  small  cavity,  formed  in  a  piece  of  charcoal, 
igniting  the  charcoal,  and  blowing,  on  the  part  containing  the  me- 
tal, a  stream  of  oxygen  gas. 

(e)  Procure  some  thin  harpsichord  wire,  and  twist  it  round  a 
slender  rod  of  iron  or  glass,  so  as  to  coii  it  up  in  a  spiral  form.  Then 
withdraw  the  rod,  and  tie  a  little  thread  or  flax  round  one  end  of 
the  wire,  for  about  one  20th  of  an  inch  ;  which  end  is  to  be  dipped 
into  melted  sulphur.  The  other  end  of  the  wire  is  to  be  fixedinto 
a  cork;  so  that  the  spiral  may  hang  vertically  (fig.  39).  Fill,  also, 
with  oxygen  gas,  a  bottle  capable  of  holding  about  a  quart,  and  set 
it  with  its  mouth  upwards.  Then  light  the  sulphur,  and  introduce 
the  wire  into  the  bottle  of  gas,  suspending  it  by  the  cork.  The  iron 
will  burn  with  a  most  brilliant  light,  throwing  out  a  number  of 
sparks,  which  fall  to  the  bottom  of  the  bottle,  and  generally  break 
it.  This  accident,  however,  may  frequently  be  prevented  by  pour- 
ing sand  into  the  bottle,  so  as  to  lie  about  half  an  inch  deep  on  the 
bottom  (see  plate  iv.  fig.  39.)  According  to  Mr  Accum,*  a  thick 
piece  of  iron  or  steel,  such  as  a  file,  if  made  sharp  pointed,  may  be 
burnt  in  oxygen  gas.  A  small  bit  of  wood  is  to  be  stuck  upon  its 
extremity,  and  set  on  fire,  previously  to  immersion  in  the  gas. 

(/)  A  little  of  Homberg's  pyrophorus,  a  substance  to  be  here- 
after described,  when  poured  into  a  bottle  full  of  this  gas,  imme- 
diately flashes  like  inflamed  gunpowder. 

Ill  During  every  combustion  in  oxygen  gas,  the  gas  suffers  a  con- 
siderable diminution — To  exhibit  this,  experimentally,  in  a  manner 
perfectly  free  from  all  sources  of  error,  would  require  such  an  ap- 
paratus as  but  few  adept:-,  in  chemistry  are  likely  to  possess.  The 
apparatus  required  for  &  s  purpose  is  described  in  the  6th  chapter 
of  Lavoisier's  Elements.  The  fact  may,  however,  be  shown,  less 
accurately,  in  the  following  manner  :  Fill,  with  oxygen  gas,  a  jar  of 

*  Nicholson's  Journal,  8vo.  i.  320. 
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moderate  size,  which  has  a  neck  and  ground-glass  stopper  at  the 
top.  Then,  with  the  assistance  of  a  stand,  formed  of  bent  iron 
wire,  (plate  ii.  fig-  25,)  place  a  shallow  tin  vessel,  containing  a  bit 
of  phosphorus  or  sulphur,  three  or  four  inches  above  the  level  of 
the  water  of  a  pneumatic  trough.  Invert  the  jar  of  oxygen  gas, 
cautiously  and  expeditiously,  over  this  cup,  so  as  to  confine  it,  with 
its  contents,  in  the  gas,  and,  pressing  down  the  jar  to  the  bottom  of 
the  trough,  open  the  stopper.  A  quantity  of  gas  will  immediately 
rush  out,  and  the  water  will  rise  to  the  same  level  within  the  jar  as 
without.  When  this  has  taken  piace,  set  fire  to  the  sulphur  or 
phosphorus  by  a  heated  iron  wire,  and  instantly  put  in  the  stopper. 
The  first  effect  of  the  combustion  will  be  a  depression  of  the  water 
within  the  jar;  but  when  the  combustion  has  closed,  and  the  ves- 
sel has  cooled,  a  considerable  absorption  will  be  found  to  have  en- 
sued. 

Those  persons  who  are  possessed  of  a  mercurial  apparatus  may 
repeat  this  experiment  in  a  less  exceptionable  manner.  On  the 
surface  ot  the  quicksilver  let  a  small  hemispherical  cup  float,  made 
of  untinned  sheet-iron  ;  and,  in  order  to  keep  it  from  the  sides  of 
the  jar,  it  may  rest  on  a  wire-stand,  shaped  like  the  figure  43,  plate 
iv.  Let  ajar,  the  height  and  diameter  of  which  must  be  regulated 
by  the  size  of  the  mercurial  trough,  be  filled  with  oxygen  gas  over 
water,  and  be  removed,  by  means  of  a  piece  of  pasteboard,  as  be- 
fore described,  to  the  mercurial  bath,  inverting  it  dexterously  over 
the  tin  cup.  If  the  phosphorus  had  been  previously  set  on  fi  e,  a 
large  quantity  of  the  gas,  expanded  by  the  heat,  would  have  escap- 
ed, and  would  have  prevented  the  accurate  measurement  of  the  ab- 
sorption. After  drying  the  surface  of  the  mercury  within  the  jar 
by  blotting  paper,  a  portion  of  the  included  gas  must,  therefore,  be 
removed.  This  is  done  by  an  inverted  syphon,  one  leg  of  which  is 
to  be  introduced  (in  the  same  manner  as  is  shown  at  fig.  41,  g) 
within  the  jar  before  placing  it  over  the  mercury  ;  and  the  gas  will 
be  forced  through  the  open  extremity  of  the  other,  when  the  jar  is 
pressed  down  into  the  quicksilver.  When  the  proper  quantity  has 
been  expelled,  remove  the  syphon.  The  cup,  containing  the  phos- 
phorus, will  thus  rest  on  the  surface  of  the  quicksilver  within  the 
jar,  and  above  the  level  of  the  mercury  without.  The  phosphorus 
is  to  be  inflamed  by  passing  a  crooked  iron  wire,  made  red  hot, 
through  the  quicksilver.  On  the  first  impression  of  the  heat  aris- 
ing from  its  combustion,  the  included  gas  will  be  considerably  ex- 
panded ;  but  when  the  phosphorus  has  ceased  to  burn,  a  considera- 
ble absorption  will  be  found  to  have  taken  place,  the  amount  of 
which  may  be  measured  by  ascertaining  the  height  of  the  quick- 
silver within  the  jar,  before  and  after  the  experiment.  The  quan- 
tity of  phosphorus  employed  should  be  very  small,  and  should  not 
bear  a  greater  proportion  than  that  of  10  grains  to  each  pint  of 
gas  ;  otherwise  the  combustion  will  go  on  so  far  as  to  endanger 
the  breaking  of  the  jar,  by  the  approach  of  the  inflamed  phos- 
phorus. 

In  this   process,  a  white  dense  vapour  is  produced,  which  con- 
denses on  the  inner  surface  of  the  jar  in  solid  flakes.     This  sub- 
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stance  has  strongly  acid  properties  ;  and,  being  formed  by  the  union 
of  oxygen  with  phosphorus,  is  termed  the  phosphoric  acid. 

The  diminution  of  the  volume  of  oxygen  gas,  by  the  combustion 
of  other  bodies,  may  be  ascertained  in  a  similar  manner.  When 
the  substance  employed  is  not  easily  set  on  fire,  it  is  proper  to  en- 
close, along,  and  in  contact  with  it,  a  small  bit  of  phosphorus,  the 
combustion  of  which  excites  sufficient  heat  to  inflame  iron-turn- 
ings, charcoal,  Sec.  In  the  instance  of  charcoal,  however,  though 
that  aubsta,nce  undergoes  combustion,  no  absorption  ensues;  be- 
cause, as  will  appear  in  the  sequel,  the  product  is  a  gas,  occupy- 
ing exactly  the  same  bulk  as  the  oxygen  gas  submitted  to  experi- 
ment. 

IV.  All  bodies,  by  combustion  in  oxygen  gas,  acquire  an  addition 
to  their  weight ;  and  the  increase  is  in  proportion  to  the  quantity  of  gas 
absorbed, viz.  about  one  third  of  a  grain  for  every  cubic  inch  of  gas — > 
To  prove  this  by  experiment,  requires  also  a  complicated  appa- 
ratus. 

But  sufficient  evidence  of  this  fact  may  be  obtained  by  the  follow- 
ing very  simple  experiment.  Fill  the  bowl  of  a  tobacco  pipe  with 
iron  wire  coiled  spirally,  and  of  known  weight :  let  the  end  of  the 
pipe  be  slipped  into  a  brass  tube,  which  is  screwed  to  a  bladder  fill- 
ed with  oxygen  gas  :  heat  the  bow!  of  the  pipe,  and  its  contents, 
to  redness  in  the  tire,  and  then  force  through  it  a  stream  of  oxygen 
gas  from  the  bladder.  The  iron  wire  will  burn  ;  will  be  rapidly  ox- 
ydized  ;  and  will  be  found,  when  weighed,  to  be  considerably  hea- 
vier than  before  When  completely  oxydized  in  this  mode,  100 
parts  of  iron  wire  gain  an  addition  of  about  30. 

V.  Every  substance,  capable  of  union  with  oxygen,  affords,  by  com' 
bustion,  either  an  oxide,  an  acid,  or  an  alkali.  *-— When  a  body,  by  be- 
ing burnt  in  oxygen  gas,  affords  a  compound,  which  has  none  of 
those  qualities  that  characterize  acids  or  alkalis,  we  denominate 
this  product  an  oxide.  If  wc  collect,  for  example,  the  iron  wire, 
which  was  burned  in  the  last  experiment,  we  shall  find  that  it  has 
lost  all  its  metallic  qualities,  and  has  become  a  brittle,  dark-colour- 
ed substance  totally  destitute  oNiustre  and  of  taste,  and  termed  an 
oxide  of  iron.  But  if,  instead  of  iron  wire,  we  had  burned  a  quan- 
tity of  sulphur  in  oxygen  gas,  the  result  would  have  been  that  the 
water,  which  confined  the  gas,  would  have  become  acid  or  sour. 
Potassium,  on  the  contrary,  (one  of  the  new  metals  discovered  by 
Sir  H.  Davy,)  would  have  yielded  an  alkali  under  the  same,  circum- 
stances. Hence  the  extensive  class  of  combustible  bodies  maybe 
subdivided  into  three  orders  ;  1st,  those  which  afford  oxides  by  com- 
bustion ;  2dly,  those  which  yield  acids  ;  and  Sdly,  those  which  give 
alkalis.     In  many  instances,  however,  a  body  is  capable  of  passing 

*  The  statement  thus  made  of  its  affording  alkaline  properties  to  some 
bodies,  sufficiently  evinces  on  what  unfounded  grounds  the  name  of  this  sub- 
stance was  appropriated  to  it.  That  there  is  no  such  thing  as  an  acidifying  prin- 
ciple, in  the  proper  acceptation  of  the  term,  is  now  admitted  even  by  the  French 
themselves ;  for  they  have  shown  that  acids  of  a  different  nature  are  constituted 
from  the  same  base,  when  conjoined  with  oxygen  on  the  one  hand,  or  with  hy- 
drogen on  the  other;  as  the  iodic  and  hydriodic  acids.    C. 
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through  the  intermediate  state  of  an  oxide,  before  it  is  converted 
either  into  an  acid  or  an  alkali. 

VI.  Oxygen  gas  supports,  eminently,  animal  life. — It  will  be  found 
that  a  mouse,  bird,  or  other  small  animal,  win  live  four  or  five  times 
longer  in  a  vessel  of  oxygen  gas,  than  in  one  of  atmospherical  air 
of  the  same  dimensions. 

VII.  This  effect  seems  connected  with  the  absorption  of  oxygen  by 
the  blood. — Pass  up  a  little  dark-coloured  blood  into  a  jar  partly 
filled  with  oxygen  gas,  and  standing  over  mercury.  The  gas  will 
be  in  part  absorbed,  and  the  colour  ot  the  blood  will  be  changed  to 
a  bright  and  florid  red.  This  change  to  red  may  be  shown,  by  put- 
ting a  little  blood  into  a  common  vial  filled  with  oxygen  gas,  and 
shaking  it  in  contact  with  the  gas. 


SECTION  III. 

Nitrogen  or  Azotic  Gas. 

After  separating,  from  any  quantity  of  atmospherical  air,  all 
the  oxygen  which  it  contains,  there  remains  a  gas  which  was  call- 
ed by  Lavoisier  azotic  gas,  a  name  applied  to  it  in  consequence  of 
its  unfitness  for  supporting  animal  life  ;  and  derived  from  the  Greek 
privative  a  and  tyy  vita.  This,  however,  as  being  merely  a  nega- 
tive proverty,  has  since  been  deemed  an  improper  foundation  for  its 
nomenclature ;  and  the  term  nitrogen  gas  has  been  substituted ; 
because  one  of  the  most  important  properties  of  its  base  is,  that  by 
union  with  oxygen  it  composes  nitric  acid.  By  this  appellation, 
therefore,  I  shall  hereafter  distinguish  it. 

1.  Nitrogen  gas  maybe  procured,  though  not  absolutely  pure, 
yet  sufficiently  so  for  the  purpose  of  exhibiting  its  general  proper- 
ties, in  any  of  the  following  manners  :  1.  Mix  equal  weights  of  iron 
filings  and  sulphur  into  a  paste  with  water,  and  place  the  mixture, 
in  a  proper  vessel,  over  water,  supported  on  a  stand  :  then  invert 
over  it,  a  jar  full  of  common  air,  and  allow  this  to  stand  exposed  to 
the  mixture  for  a  day  or  two.  The  air  contained  in  the  jar  will  gra- 
dually diminish,  as  will  appear  from  the  ascent  of  the  water  within 
the  jar,  till  at  last  only  about  four  5ths  of  its  original  bulk  will  re- 
main. The  vessel  containing  the  iron  and  sulphur  must  next  be  re- 
moved, by  withdrawing  it  through  the  water  ;  and  the  remaining 
air  may  be  made  the  subject  of  experiment. 

2.  A  quicker  process,  for  procuring  nitrogen  gas,  consists  in  fill- 
ing a  bottle,  about  one  4th,  with  the  solution  of  nitrous  gas  in  liquid 
sulphate  of  iron,  or  with  liquid  sulphuret  of  lime,  and  agitating  it 
with  the  air  which  fills  the  rest  of  the  bottle.  During  the  agitation, 
the  thumb  must  be  firmly  placed  over  the  mouth  of  the  bottle  ;  and, 
when  removed,  the  mouth  of  the  bottle  must  be  immersed  in  a  cup 
full  of  the  same  solution,  which  will  supply  the  place  of  the  absorb- 
ed air. 


102  6ASES.  CHAP.  V. 

3.  Atmospheric  air,  also,  in  which  phosphorus  has  burned  out,af« 
fords,  when  time  has  been  allowed  for  the  condensation  of  the  pnos- 
phoric  acid,  tolerably  pure  nitrogen  gas. 

4.  Azotic  gas  may  be  procured  from  the  lean  part  of  flesh  meat 
(beef  for  ex  imple),  which  may  be  put  into  a  glass  bottle,  along  with 
very  dilute  nitric  acid.  By  a  heat  of  about  100°,  the  gas  is  disen- 
gaged, and  may  be  collected  over  water.  Its  source  has  been  satis- 
factorily traced  to  the  animal  substance,  no  pan  of  it  proceeding 
from  the  nitric  acid.* 

II.  Nitrogen  gas  has  the  following  properties  : 

1.  It  is  not  absorbed  by  water. 

2.  It  is  a  little  lighter  than  atmox/iheric  air,  100  cubic  inches  be- 
ing found  by  Sir  H.  Davy  to  weigh  30.04  grains  under  a  pressure 
of  30  inches,  and  atthe  temperature  of  55°  Fahrenheit.  At  60°  Fah- 
renheit 100  inches  weigh,  therefore,  29.73  grains.  According  to 
Biot  and  Arago,  its  specific  gravity  is  0.96913. 

3.  It  immediately  extinguishes  a  lighted  candle,  and  all  other 
burning  substances. 

Even  phosphorus,  in  a  state  of  active  inflammation,  is  instantly  ex- 
tinguished when  immersed  in  nitrogen  gas.  This  is  bestshown  by 
placing  the  burning  phosphorus  in  a  tin  cup,  raised  by  a  stand  above 
the  surface  of  the  water,  and  quickly  inverting  over  it  a  jar  filled 
with  nitrogen  gas. 

4.  It  is  fatal  to  animals  that  are  confined  in  it. 

5.  When  mixed  with  pure  oxygen  gas,  in  the  proportion  of  four 
pans  to  one  of  the  latter,  it  composes  a  mixture  resembling  atmo- 
spheric air  in  all  its  properties.  Of  this  anyone  may  be  satisfied, 
by  mixing  four  parts  of  azotic  gas  with  one  of  oxygen  gas,  and  im- 


*  Certainly  not  satisfactorily,  at  least  not  to  every  person.  Is  it  reasonable 
to  imagine,  that  a  body  so  energetic  as  nitric  acid,  and  one  so  easily  decompos- 
ed on  numerous  occasions,  as  even  to  render  it  one  of  the  most  powerful 
agents  we  possess  for  chemical  research  ;  a  body  too,  admitted  to  be  essential  to 
the  above  process;  is  it  reasonable,  I  ask,  to  imagine  it  a  negative  substance 
in  this  case  ?  If  it  is  not  here  decomposed,  it  is  a  folly  to  talk  of  chemical  affini- 
ties ;  the  process  might  as  well  be  effected  without  its  presence  !  The  only  rea- 
son assigned  for  this  assertion  is,  that  the  acid  can  decompose  as  much  alkali 
after  as  before  the  process.  But  is  this  true  ?  or  is  it  not  like  too  many  other 
points  in  chemistry,  taken  for  granted  without  due  investigation  ?  Has  the  expe- 
riment been  duly  repeated,  with  this  particular  object  of  inquiry  kept  in  view  ?  I 
do  not  recollect  to  have  seen  it  announced ;  each  author  copies  from  his  prede- 
cessor, without  sufficiently  demanding  at  every  step,  whether  fact  will  warrant 
his  assertion.  Admitting  however,  for  an  instant,  that  the  acid  is  equal  in 
amount  after,  as  before  the  process;  a  reference  to  the  principles  brought  toge- 
ther will  shew,  that  it  is  probably  a  case  of  compound  affinity,  in  which  the  ni- 
trogen of  the  acid  is  liberated,  and  escapes  into  the  receiver,  whilst  the  oxygen 
of  the  acid  combines  with  the  hydrogen  of  the  decomposed  water ;  the  oxygen 
of  this  last,  uniting  simultaneously  with  the  nitrop  en  of  the  flesh,  acted  on  by 
the  acid.  By  this  means,  a  fresh  portion  of  acid  is  produced,  from  materials  pre- 
viously in  a  different  state  of  combination.  The  utility  of  the  original  acid  to  the 
process  is  maintained,  without  the  necessity  of  referring  to  the  doctrine  of  dis- 
posing affinity,  so  properly  called  absurd  by  Dr.  H  on  a  former  occasion  ;  but 
which  must  otherwise  be  here  adopted  ;  and  the  acid  thus  newly  produced, 
is  that  which  goes  to  the  decomposition  of  the  alkali.    C. 
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mersing,  in  the  mixture,  a  lighted  taper.     The  taper  will  burn  as  in 
atmospherical  air. 

Comfiosxtion  of  Nitrogen. 

That  nitrogen  is  not  an  element,  but  itself  a  compound,  has  been 
long  suspected,  and  various  attempts  have  been  made  to  discover 
its  ingredients.  Some  of  the  facts,  which  have  been  supposed  to 
throw  light  on  its  nature,  I  shall  reserve  for  the  chapter  on  am- 
monia, because  they  will  be  better  understood  in  connection  with 
that  subject. 

Berzelius,  from  the  combination  of  experiment  with  much  the- 
oretical reasoning,  has  deduced,  that  nitrogen  is  compounded  of 
oxygen  and  an  unknown  base,  in  the  following  proportions  :* 

Base  .  .  .  44.32  ....  79.64  ....    100.00 
Oxygen  .    55.68  .  .  .   100 125.5  1 


ICO  179.64  225.5  1 

This  base, it  must  be  observed,  however,  is  purely  hypothetical; 
and,  as  it  has  never  yet  been  exhibited  in  a  separate  state,  we  can- 
not at  present  know  any  thing  of  its  properties.  Berzelius  has  pro- 
posed for  it  the  name  ofnitricum. 

A  series  of  experiments  to  prove  the  composition  of  nitrogen  by 
synthesis,  has  been  published  in  the  4th  volume  of  Dr.  Thomson's 
Annals,  by  Mr.  Miers,  of  London.  He  attempted  to  deprive  water 
of  part  of  its  oxygen  by  transmitting  it,  along  with  sulphuretted  hy- 
drogen, through  an  ignited  copper  tube  ;  by  which  process  he  ob- 
tained a  mixture  of  oxygen  and  nitrogen  gases,  in  proportions  the 
same  as  those  constituting  atmospheric  air.  If  no  source  of  fallacy 
existed  in  the  experiment,  it  would  follow  that  nitrogen  is  compos- 
ed of  oxygen  and  hydrogen,  with  less  oxygen  than  exists  in  water. 
But  the  experiments,  though  ingeniously  devised,  require  the  most 
careful  repetition,  before  so  important  a  conclusion  can  be  esta- 
blished ;  and  there  is  reason  to  suspect,  from  the  nature  of  the 
products,  that  atmospheric  air  must,  by  some  means,  have  found  its 
way  into  the  apparatus.  It  is  remarkable,  however,  that  the  pro- 
portions of  the  elements  of  ammonia,  deduced  by  Mr.  Miers  from 
his  experiments,  precisely  agree  with  the  hypothetical  proportions 
assigned  by  Berzelius,  viz.  55.6  oxygen  and  44.4  hydrogen  per 
-cent,  in  weight. 

The  experiments  of  Sir  H.  Davy,f  directed  to  the  decomposi- 
tion of  nitrogen,  on  the  presumption  of  its  being  an  oxide,  have  not 
been  attended  with  any  better  success.  Potassium  was  ignited,  by 
intense  Voltaic  electricity,  in  nitrogen  gas  ;  and  the  result  was,  that 
hydrogen  appeared,  and  some  nitrogen  was  found  deficient.  This 
on  first  view,  would  lead  us  to  the  suspicion,  that  nitrogen  was  de- 
composed.    But,  in   subsequent  experiments,  in  proportion  as  the 

*  2  Thomson's  Annals,  284,  f  Phil.  Trans.  1810. 
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potassium  was  more  free  from  a  coating  of  potash,  which  would  in- 
troduce water,  so,  in  proportion,  was  less  hydrogen  evolved,  and  less 
nitrogen  found  deficient.  The  general  tenor  of  these  enquiries, 
therefore,  lends  no  strength  to  the  opinion,  that  nitrogen  is  a  com- 
pound body. 


SECTION  IV. 

Atmospheric  Air. 

The  air  of  our  atmosphere,  it  appears,  from  the  facts  stated  in 
the  preceding  section,  is  a  mixture,  or  possibly  a  combination,  of 
two  different  gases,  viz.  oxygen  gas  and  azotic  gas.  The  former 
of  these  seems  to  be  the  only  ingredient  on  which  the  effect  of  the 
air,  as  a  chemical  agent,  depend.  Hence  combustible  bodies  burn 
in  atmospheric  air,  only  in  consequence  of  the  oxygen  gas  which  it 
contains;  and,  when  this  is  exhausted,  air  is  no  longer  capable  of 
supporting  combustion.*  Its  analysis  is  most  satisfactorily  demon- 
strated by  the  action  of  heated  mercury,  as  explained  by  Lavoisier, 
in  the  third  chapter  of  his  Elements  of  Chemistry.  By  exposure, 
during  12  days,  to  mercury  heated  in  a  retort,  a  given  quantity  of 
atmospheric  air  was  found  to  be  diminished  in  bulk,  and  to  have  lost 
its  property  of  supporting  combustion.  The  mercury,  also,  had 
suffered  a  considerable  change;  a  part  of  it  was  no  longer  a  shining 
fluid  metal;  but  was  changed  into  red  scaley  particles;  and  its 
weight  was  also  increased.  These  red  particles  were  collected, 
and  distilled  in  a  retort;  by  which  operation  a  quantity  of  oxygen 
gas  was  evolved,  precisely  equal  in  bulk  to  what  the  air  had  lost  in 
the  first  part  of  the  experiment.  These  results  afford  the  most 
satisfactory  evidence,  that  the  air  of  our  atmosphere  is  composed  of 
two  distinct  fluids.  The  one  is  capable  of  yielding  its  base  to  mer- 
cury ;  and,  when  separate,  is  eminently  adapted  to  the  support  of 
combustion  and  of  animal  life  ;  the  other  is  not  absorbable  by  mer- 
cury, and  is  destitute  of  both  those  important  qualities. 

The  details  of  this  method  of  analyzing  atmospheric  air  I  omit, 
on  account  of  the  extreme  tediousness  of  the  process.  Sufficient 
evidence  of  its  composition  may  be  obtained,  however,  much  more 
expeditiously,  by  the  following  experiments. 

1.  Burn  a  little  sulphur  or  phosphorus,  in  the  manner  described, 
sect.  ii.  substituting,  for  oxygen  gas,  common  atmospherical  air. 
The  combustion  will,  in  this  instance,  be  lessivivid;  will  cease 
sooner;  and  the  absorption,  when  the  vessels  have  cooled,  will  be 
much  less  considerable  than  in  the  former  case.    ^ 

The  phosphorus,  however,  will  have  absorbed  the  whole  of  the 
oxygen  gas  contained  in  the  air  submitted  to  experiment;  and 
hence  it  may  be  employed  for  measuring  the  quantity  of  oxygen 

*  Certain  combustible  bodies  even  cease  to  burn  in  atmospheric  air,  long  be- 
fore its  oxygenous  portion  is  consumed,  for  reasons  that  will  hereafter  be  given* 


-SECT.  IV.  ATMOSPHERIC   AIR. 


105 


gas  in  a  given  bulk  of  atmospherical  air.  This  may  be  accom- 
plished, either  by  its  slow  or  rapid  combustion.  Berthollet  pro- 
poses* to  expose  a  cylinder  of  phosphorus,  fastened  to  a  glass  rod, 
in  a  narrow  glass  vessel,  graduated  into  equal  parts,  and  .standing 
full  of  air  over  water.  (See  fig.  24).  The  phosphorus  immedi- 
ately begins  to  act  on  the  included  air;  and  in  six  or  tight  hours 
its  effect  is  completed.  The  residuary  azotic  gas  has  its  bulk  en- 
larged about  one  40th,  by  absorbing  a  little  phosphorus;  and,  for 
this,  allowance  must  be  made  in  measuring  the  diminution. 

In  the  eudiometer  of  Seguin,  the  rapid  combustion  of  phospho- 
rus is  employed  with  the  same  view.  A  glass  tube,  open  at  one 
end  only,  about  an  inch  in  diameter,  and  eight  or  ten  high,  is  filled 
with,  and  inverted  in,  mercury.  A  small  bit  of  phosphorus,  dried 
with  blotting  paper,  is  tben  introduced,  and,  by  its  inierior  speci- 
fic gravity,  rises  to  the  top  of  the  tube,  where  it  is  melted,  by 
bringing  a  red-hot  poker  near  to  the  outer  surface  of  the  glass. 
When  the  phosphorus  is  liquefied,  a  measured  portion  of  the  air 
to  be  examined  is  admitted,  by  a  little  at  once,  into  the  tube.  The 
phosphorus  inflames  at  each  addition,  and  the  mercury  rises. 
When  all  the  air  under  examination  has  been  added,  the  red-hot 
poker  is  again  applied  to  ensure  the  completion  of  the  process, 
and  the  residuary  gas  is  transferred  into  a  graduated  measure, 
where  its  bulk  is  carefully  ascertained.  In  this  instance,  about  one 
40th  the  volume  of  the  residuary  gas  is  to  be  deducted  from  the 
apparent  quantity  of  azotic  gas,  because,  in  this  case  also,  a  small 
portion  of  phosphorus  is  dissolved  by  the  latter,  and  occasions  a 
trifling  expansion.  With  this  deduction,  atmospheric  air  loses 
pretty  accurately  21  parts  out  of  each  100;  and  contains,  there- 
fore. 21  per  cent,  of  oxygen,  and  79  of  azote  by  measure.!  And 
it  is  remarkable,  that  no  appreciable  difference  exists  between  the 
proportions  of  oxygen  and  azote  in  the  atmospheres  of  distant 
places;  from  which  it  appears,  that  the  purity  and  salubrity  of  air 
depend  on  some  other  circumstances  than  the  proportion  of  these 
its  chief  elements. 1 

II.  The  inferior  fitness  of  atmospherical  air,  to  that  of  oxygen 
gas,  for  supporting  combustion,  may  be  shown  also  by  a  compara- 
tive experiment  with  two  candles.  Provide  a  circular  piece  of 
lead,  three  inches  diameter,  and  half  an  inch  thick,  from  the  ctnlre 
of  which  proceeds  a  perpendicular  iron  wire,  six  or  eight  inches 
high ;  to  the  end  of  this  wire  fas'en  a  piece  of  wax  taper.  Set 
the  candle,  supported  by  its  stand,  on  the  shelf  of  a  pneumatic  cis- 

*  Annates  de  Chimie,  xxxiv.  78. 

f  Various  other  methods  of  analyzing  atmospherical  air  will  be  described  in 
the  course  of  the  work.  References  to  them  may  be  found  in  the  Index,  article 
Eudiometer. 

\  A  small  proportion  of  carbonic  acid  gas  is  so  invariably  found  to  be  pre- 
sent in  atmospheric  air,  even  when  taken  from  the  summit  of  Mont  Blanc,  or 
from  still  higher  regions,  by  various  aeronauts,  that  we  can  scarcely  persuade 
ours'elves  that  it  is  not  essential  to  its  composition.  It  is  however  so  very  trifling 
in  quantity]  that  we  may  admit  the  possibility  of  a  portion,  continually  emitted 
from,  the  lungs  in  respiration,  to  have  found  its  way  into  the  bottles  which 

were  employed  in  the  above  researches,  along  with  the  atmospheric  mass. C. 
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tern  ;  and  place,  also,  the  conducting  pipe  from  the  bladder  (e,  fig. 
41),  in  the  position  shown  by  the  figure  ;  the  cock  d,  however,  be- 
ing shut.  Then,  having  the  syphon  g  in  the  inverted  pesition  shown 
in  the  plaie,  sink  the  whole  apparatus  into  the  water.  Part  of  the 
air  in  the  jar  a  will  escape  through  the  syphon,  and  will  be  replaced 
by  water.  When  wc  have  left,  in  the  jar,  the  proper  quantity  ot  air, 
the  syphon  must  be  removed,  and  the  jar  returned  to  its  place.  The 
level  of  the  water  will  now  be  considerably  higher  within  than 
without  the  receiver ;  and  its  height  must  be  noted.  On  passing 
a  succession  of  electrical  sparks  from  the  conducting  wire  to  the 
bent  pipe,  and  opening  the  cock  d  from  the  bladder  filled  with  hy- 
drogen gas,  we  shall  have  a  small  flame,  which  is  to  be  extinguish- 
ed as  soon  as,  by  its  means,  we  have  lighted  the  candle.  The  can- 
dle may  be  suffered  to  burn  till  it  is  extinguished  ;  and  the  dura- 
tion of  its  burning,  and  the  diminution  it  occasions  in  the  air,  are  to 
be  noted.  When  the  combusiion  is  repeated  in  the  same  manner, 
but  with  the  substitution  of  oxygen  gas,  it  will  be  tound  to  last  con- 
siderably longer,  and  the  diminution  of  volume  in  the  gas  will  be 
much  greater. 

The  same  fact  may  be  demonstrated,  but  less  accurately,  by  a  sim- 
ple apparatus.  Provide  two  jars,  each  two  inches  diameter,  and  12 
inches  long,  and  each  having  a  neck  at  the  top  with  a  compressed 
bladder  tied  upon  it.  Fill  one  of  the  jars,  leaving  the  bladder 
empty,  with  oxygen  gas;  and,  at  the  same  instant,  with  the  aid  of 
an  assistant,  invert  both  jars  over  the  burning  candles,  keeping 
the  oxygen  gas  in  its  place  till  the  jar  is  inverted  by  a  piece  of 
pasteboard.  In  the  common  air,  the  candle  will  soon  be  extin- 
guished ;  but  that  confined  in  oxygen  gas  will  burn  with  much 
greater  splendour,  and  will  continue  burning  long  after  the  other 
is  extinguished.  On  the  first  impression  of  the  flame,  a  quantity 
of  expanded  gas  will  rise  into  each  bladder,  which  is  to  be  pressed 
out  at  the  close  of  the  experiment,  in  order  that  the  absorption  may 
be  compared  in  both  cases.  The  diminution  in  the  jar  of  oxygen 
gas  will  be  found  greatly  to  exceed  that  of  the  common  air. 

III.  Take  two  tubes,  each  a  few  inches  long,  closed  at  one  end, 
and  divided  into  100  aliquot  parts.  Fill  the  one  with  atmospherical 
air,  the  other  with  ocygen  gas,  and  invert  them  in  two  separate 
cups  filled  with  a  solution  of  sulphuret  of  potash.  The  sulphuret 
will  ascend  gradually  within  the  tube  of  common  air,  till,  after  a 
few  days,  only  about  four  5ths  of  its  original  volume  will  remain; 
but,  in  that  Containing  oxygen,  it  will  ascend  much  higher,  and,  if 
the  gas  be  pure,  will  even  absorb  the  whole. 

The  explanation  of  this  fact  is,  that  liquid  sulphuret  of  potash 
has  the  property  of  absorbing  oxygen,  but  not  nitrogen.  It  there- 
fore acts  on  atmospheric  air  only  as  long  as  any  oxygen  gas  remains, 
and  may  be  employed  as  a  means  of  ascertaining  the  quantity  of 
this  gas  in  the  atmosphere  at  different  times,  and  in  distant  places. 
An  improved  instrument*,  thus  graduated,  has  lately  been  employ- 

*  See  Nicholson's  Philosophical  Journal,  4to.  vol.  i.  page  268 ;  or  Tilloch'l 
Philosophical  Magazine,  vol.  iii.  page  171. 
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ed  by  Guyton  as  an  Eudiometer*  But  an  apparatus,  of  much 
greater  simplicity-  and  facility  of  application,  is  that  of  Proiessor 
Hope  oi  Edinburgh,  announced  in  Nicholson's  Journal,  8vo.  iv.  210. 
It  consists  of  a  small  bottle,  of  the  capacity  of  20  or  24  drachms 
(fig.  20,  pi.  ii.),  destined  to  contain  the  eudiometric  liquid,  and  hav- 
ing a  small  stopper  at  b.  Into  the  neck  of  the  bottle  a  tube  is  accu- 
rately fitted,  by  grinding,  which  holds  precisely  a  cubic  inch,  and  is 
divided  into  100  equal  parts.  To  use  the  apparatus,  the  bottle  is 
first  filled  with  the  liquid  employed,  which  is  best  prepared  by 
boiling  a  mixture  of  quicklime  and  sulphur  with  water,  filtering 
the  solution,  and  agitating  it  for  some  time  in  a  bottle  half  filled 
with  common  air.  The  tube,  filled  with  the  gas  under  examina- 
tion (or  with  atmospherical  air,  when  the  quality  of  this  compound 
is  to  be  ascertained),  is  next  to  be  put  into  its  place  ;  and,  on  in- 
verting the  instrument,  the  gas  ascends  into  the  bottle,  where  it  is 
brought  extensively  into  contact  with  the  liquid,  by  brisk  agita- 
tion. An  absorption  ensues ;  and,  to  supply  its  place,  the  stopper 
b  is  opened  under  water,  a  quantity  of  which  rushes  into  the  bot- 
tle. The  stopper  is  replaced  under  water  ;  the  agitation  renewed; 
and  these  operations  are  performed  alternately,  till  no  farther  di- 
minution takes  place.  The  tube  a  is  then  withdrawn,  the  neck  of 
the  bottle  being  under  water,  and  is  held  inverted  in  water  for  a 
few  minutes;  at  the  close  of  which  the  diminution  will  be  appa- 
rent. Its  amount  may  be  measured  by  the  graduated  scale  en- 
graved on  the  tube. 

To  the  eudiometer  of  Dr.  Hope  there  are,  however,  a  few  objec- 
tions. If  the  tube  a  and  the  stopper  b  are  not  both  very  accurately 
ground,  air  is  apt  to  make  its  way  into  the  instrument,  to  supply 
the  partial  vacuum,  occasioned  by  the  absorption  of  oxygen  gas. 
This  absorption,  also,  occasions  a  diminished  pressure  within  the 
bottle;  and,  consequently,  towards  the  close  of  each  agitation,  the 
absorption  goes  on  very  slowly.  Besides,  the  eudiometric  liquid  is 
constantly  becoming  more  dilute  by  the  admission  of  water  through 
b.  To  obviate  all  these  difficulties,  I  have  substituted  for  the 
glass  bottle,  one  of  elastic  gum,  as  shown  by  fig.  21,6.  The  tube 
a  is  accurately  ground  into  a  short  piece  of  very  strong  tube  of 
wider  bore,  as  shown  at  c,  the  outer  surface  of  which  is  made 
rough  by  grinding,  and  shaped  as  represented,  that  it  may  more  ef- 
fectually retain  the  neck  of  the  elastic  bottle  when  fixed  by  a 
string.  This  instrument  is  used,  in  every  respect,  in  the  same  way 
as  Dr.  Hope's.  The  only  difficulty  is,  in  returning  -the  whole  of 
the  residuary  gas  into  the  tube;  but  the  art  of  doing  this  will  be 
acquired  by  practice. 

An  ingenious  modification  of  the  eudiometer,  which  enables  us 
to  measure  an  absorption  of  only  T^o7tM  Part  °f  the  Sas  employed, 
is  described  bv  Mr.  Pepys,  in  the  Philosophical  Transactions  for 
1807.  or  Philosophical  Magazine,  vol.  xxix 

IV.  Atmospheric  air  sufifwrts  animal  life,  only  in  consequence  of  the 
exygen  gas  which  it  contains. — Air,  after  having  been  received  into 

*  Other  eudiometers  will  be  described  hereafter. 
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the  lungs,  and  again  respired,  is  found  to  have  lost  considerably  of 
its  oxygenous  part,  viz.  10  to  12  per  cent.  It  proves  fatal  to  ani- 
m  Is,  however,  long  before  this  purer  portion  is  wholly  exhausted; 
and  hence  it  appears,  that  a  considerable  portion  of  oxygen  gas  is 
even  necessary  to  fit  the  air  for  supporting  respiration.  As  the  ana- 
lysis of  expired  air  requires  an  acquaintance  with  another  gas,  not 
hither  o  described,  viz.  carbonic  acid,  its  examination  will  be  post- 
poned to  a  future  occasion. 

V.  Atmospheric  air  is  diminished  in  volume  by  animal  respiration.- — 
This  may  be  shown  by  repeating  a  very  simple  experiment,  originally 
contrived  by  Mayow.  He  confined  a  mouse  in  a  small  glass  jar,  and 
tied  the  jar  over,  quickly  and  firmly,  with  moistened  bladder.  The 
heat  of  the  animal  first  expanded  the  air,  and  rendered  the  bladder 
convex  outwards  ;  but  when  the  animal  after  death  had  become  cold, 
the  bladder  exhibited  a  hollow  surface,  proving  that  the  air  within 
was  diminished  in  its  bulk. 

The  exact  amount  of  the  diminution  may  be  shown,  by  confining 
a  mouse,  over  water,  in  a  graduated  jar,  furnished  with  a  stop- 
cock, and  containing  common  air.  As  the  heat  of  the  animal,  how- 
ever, would  occasion  the  expulsion  of  part  of  the  air,  it  is  expedi- 
ent, on  first  depressing  the  jar  into  water,  to  open  the  cock,  through 
■which  a  part  of  the  air  will  escape  :  the  cock  is  then  to  be  shut, 
and  the  height  of  the  watsr  within  to  be  accurately  noted.  At  first, 
the  level  will  be  depressed,  in  consequence  of  the  expansion  of 
the  air  by  the  warmth  of  the  animal ;  but,  after  its  death,  a  consi- 
derable diminution  will  be  observed. 

VI.  The  weight  of  100  cubic  inches  of  atmospheric  air,  at  60° 
Fahrenheit  and  30  inches  barometer,  is  said  by  Mr.  Kirwan  to  be 
30.92  grains.  Sir  H.  Davy  states  it,  when  under  the  same  pres- 
sure, but  at  55°  Fahrenheit,  to  be  31.10  grains,  from  which  maybe 
deduced  that,  with  the  temperature  and  pressure  assumed  by  Mr. 
Kirwan,  100  inches  would  weigh  30.78  grains.  Under  the  same 
circumstances,  Sir  George  Shuckburgh's  experiments  fix  its 
weight  at  30.5  grains ;  and  this  is  probably  the  most  correct  deter- 
mination. 


SECTION  V. 

Hydrogen  Gas. 

The  most  simple  form,  in  which  hydrogen  has  hitherto  been 
obtained,  is  in  that  of  a  gas,  or  of  union  with  caloric,  and  perhaps 
with  electricity  and  light.  From  this  combination  we  are  not  able 
to  separate  it,  except  by  availing  ourselves  of  the  affinity  of  some 
other  substance,  in  which  case  the  hydrogen  separates  from  the  ca- 
loric, and  forms,  with  the  body  which  has  been  added,  a  new  com- 
bination.  Of  its  nature,  we  know  but  little  ;  but  as  it  has  not  yet 
been  resolved  into  any  more  simple  state,  it  is  still  arranged  amon? 
elementary  bodies.    From  the  recent  experiments  of  Sir  H  Davy, 
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(which  will  be  described  under  the  article  ammonia,)  it  appears 
not  improbable  that  hydrogen  is  a  metallic  body. 

The  most  important  compound  of  hydrogen,  and  the  only  one 
■which  will  be  noticed  at  present,  is  that  which  it  affords  by  union 
with  the  base  of  oxygen  gas.  It  is  on  its  affinity  for  this  base  that 
all  the  properties  depend,  which  are  illustrated  by  the  following  ex- 
periments. Much  of  the  force  of  this  attraction,  it  will  appear 
probable  from  the  sequel, depends  on  its  being  in  a  state  of  oppo- 
site electricity  to  oxygen  ;  for,  in  common  with  all  inflammable 
substances,  it  is  naturally  in  a  state  of  positive  electricity. 

I.  To  procure  hydrogen  gas,  let  sulphuric  acid,  previously  dilut- 
ed with  five  or  six  times  its  weight  of  water,  be  poured  on  iron 
filings;  or  on  small  iron  nails;  or  (what  is  still  better)  pour  sul- 
phuric acid,  diluted  with  eight  parts  of  water,  on  zinc,*  granulated 
by  pouring  it  melted  into  cold  water,  and  contained  in  a  gas  bottle 
or  small  retort.  An  effervescence  will  ensue,  and  the  escaping 
gas  may  be  collected  in  the  usual  manner. 

II.  This  gas  has  the  following  properties : 

1.  It  remains  permanent  over -water,  or  is  not  absorbed  in  any  no- 
table proportion. 

2.  It  is  inflammable.  This  may  be  shown  by  the  following  expe- 
riments : 

(a)  Fill  a  small  jar  with  the  gas,  and,  holding  it  with  the  mouth 
downwards,  bring  the  gas  into  contact  with  the  flame  of  a  can- 
dle. The  air  will  take  fire,  and  will  burn  silently  with  a  lambent 
flame. 

(6)  Fill  with  this  gas  a  bladder  which  is  furnished  with  a  stop- 
cock, and  with  a  small  pipe,  of  diameter  less  than  that  of  a  common 
tobacco  pipe.  Press  the  air  out  through  the  pipe,  and,  on  present- 
ing a  lighted  candle,  the  stream  will  take  fire.  If  this  apparatus 
cannot  be  procured,  a  very  simple  contrivance  will  answer  the  pur- 
pose :  break  off  part  of  an  eight-ounce  vial,  within  an  inch  or  two 
from  the  bottom,  by  setting  fire  to  a  string  tied  round  it,  and  mois- 
tened with  spirit  of  turpentine.  The  vial  will  then  resemble  a  jar 
with  an  open  neck  at  the  top.  Next  bore  a  small  hole  through  a 
cork  that  fits  the  neck  of  the  vial,  and  insert  in  it  part  of  a  common 
tobacco  pipe,  which  may  be  fixed  into  the  neck  of  the  bottle,  by  a 
cement  of  resin  and  bees-wax.  Then  fill  the  bottle  with  water,  and 
hold  it,  with  the  thumb  pressed  down  on  the  aperture  of  the  pipe, 
while  hydrogen  gas  is  passed  into  it.  When  the  bottle  is  full  of 
gas,  remove  the  thumb,  press  the  bottle  down  into  the  water,  and, 
on  the  approach  of  a  candle,  the  stream  of  air  from  the  pipe  will 
take  fire. 

Persons,  who  are  provided  with  the  jars  represented  pi.  ii.  fig. 
22,  a,  may  screw  to  the  cock  a  brass  pipe  with  a  small  aperture. 
On  pressing  the  jar,  filled  with  hydrogen  gas,  into  the  water,  and 
opening  the  cock,  the  gas  will  be  forced  out  in  a  stream,  which  may 
be  set  on  fire.     On  this  principle  are  founded  the  artificial  fire- 

*  Zinc  may  be  purchased  at  the  brass-founders  or  copper-smiths,  under  the 
name  of  speltre. 


110  GASES.  CHA*.V. 

works  without  smell  or  smoke.  They  consist  of  pipes,  having  va- 
riously siz'_d  apertures,  some  of  which  lu»ve  a  rotatory  moticn  :  but 
their  precise  construction  it  is  impossible  to  describe, without  very 
tedi'  us  details. 

(r)  In  a  strong  bottle,  capable  of  holding  about  four  ounces  of 
water, mix  equal  pms  of  common  air  and  hydrogen  gas.  On  ap- 
plying  a  lighted  candle,  the  mixture  will  burn,  not  silently,  as  in 
ex^  i  iment  («),  but  with  a  sudden  and  loud  explosion.  If  a  larger 
hot;  le  be  used,  it  should  be  wrapped  round  with  a  handkerchief, 
to  prevent  the  glass  from  doing  any  injury,  in  case  the  bottle  should 
be  burst.* 

(d)  The  same  experiment  may  be  repeated  with  oxygen  gas,  in- 
stead of  atmospherical  air  ;  changing  the  proportions,  and  mixing 
only  one  part  ol  oxygen  gas  with  two  of  hydrogen.  The  report  will 
be  considerably  louder.  The  bottle  should  be  a  very  strong  one,  and 
should  be  wrapped  round  with  cloth,  to  prevent  an  accident. 

(  The  same  experiment  may  be  made  over  water,  by  means  of 
the  electric  spark.  Procure  a  strong  tube,  about  three  quarters  of 
an  inch  diameter,  and  12  inches  long,  closed  at  one  end  (plate  ii. 
fig.  i!8).  About  a  quarter  or  half  an  inch  from  the  sealed  end,  let 
two  small  holes  be  drilled,  opposite  to  each  other,  and  into  each  of 
these  let  a  brass  conductor  be  cemented,  so  that  the  two  points  may 
be  distant  from  each  other,  within  the  tube,  about  one  8th  of  an 
inch.  An  apparatus,  serving  the  same  purpose,  and  much  more 
easily  constructed,  may  be  formed  by  hermetically  sealing  a  piece 
of  brass  wire,  or  still  better  platina  wire,  into  the  end  ot  a  glass 
tube  (fig.  29.)  With  this  conductor,  an  interrupted  circuit  may  be 
formed,  by  introducing  into  the  tube  a  longer  wire,  one  end  of 
which  terminates  one  I Oth  of  an  inch  from  the  upper  one,  while 
the  other  extends  beyond  the  aperture  of  the  tube.  (See  fig.  84.) 
Into  this  tube,  standing  over  water,  pass  about  half  a  cubic  inch  of  a 
mixture  of  hydrogen  and  oxygen  gases;  in  the  proportion  of  two 
measures  of  the  former  to  one  of  the  latter.  Hold  the  tube  firmly, 
and  pass  an  electric  spark  through  the  mixed  gases.  For  reliev- 
ing the  shock,  which  is  sometimes  considerable  on  firing,  an  inge- 
nious contrivance  of  Sir  H.  Davy  may  be  employed.  It  is  describ- 
ed in  the  Philosophical  Magazine,  xxxi  3.  An  immediate  explo- 
sion will  take  place;  after  which  the  gases,  if  pure,  and  in  the  pro- 
per proportion,  will  be  found  to  have  disappeared  entirely. 

It  has  been  ascertained  by  the  recent  experiments  of  Grotthuss, 
that  a  mixture  of  two  measures  of  hydrogen  gas  with  one  of  oxy- 
gen, cannot  be  inflamed  by  the  electric  spark,  when  expanded  to 
16  times  its  volume  by  diminished  pressure  ;  nor,  when  dilated  by 
heat  to  only  six  times  its  volume.  In  the  latter  case,  even  a  lighted 
taper  does  not  kindle  the  mixture  ;  but  water  is  formed  silently  by 
a  continued  succession  of  electric  sparks. f 

It  is  rarely,  however,  that  the  gases  can  be  used  in  such  a  state 

*  These  experiments  may  also  be  made  advantageously,  by  means  of  an  appa- 
ratus sold  under  the  name  of  the  inflammable  air-pistol, 
t  82  An.deChimie,  37- 
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ef  purity  as  to  leave  absolutely  no  residuum.  To  determine,  in- 
deed, the  purity  either  of  the  oxygen  or  hydrogen  gas  employed, 
it  is  sometimes  necessary  so  to  adjust  their  proportions,  that  the 
whole  mixture  may  not  be  condensed  by  firing.  If,  for  example, 
we  wish  to  know  the  purity  of  a  quantity  of  oxygen  gas,  we  are  to 
use  about  three  times  its  bulk  of  hydrogen.  Let  us  suppose  that 
100  measures  of  oxygen  are  detonated  with  300  of  hydrogen  gas, 
and  that  the  total  400  is  reduced  by  firing  to  130;  the  diminution 
of  volume  will  be  270.  This  number,  divided  by  three,  gives  90 
for  the  quantity  of  oxygen ;  that  is,  the  oxygen  employed  must  have 
contained  10  per  cent,  of  nitrogen,  or  of  some  foreign  gas  not  con- 
densable by  hydrogen. 

If  atmospherical  air  be  employed,  a  diminution,  though  not  equal 
in  amount,  will  be  produced  by  the  union  of  the  hydrogen  with  the 
oxygen  gas  contained  in  the  air;  and  if  a  sufficient  quantity  of  hy- 
drogen gas  be. employed,  the  whole  of  the  atmospheric  oxygen  will 
thus  be  removed.  On  this  principle  is  founded  the  Eudiometer 
of  Volta,  which  may  be  constructed,  by  graduating  either  of  the 
tubes  already  described,  into  equal  parts.  If,  in  one  of  these  tubes, 
we  mix  300  parts  of  common  air,  and  200  of  pure  hydrogen  gas, 
there  will  remain,  after  the  explosion  excited  by  passing  an  elec- 
tric spark  between  the  two  wires,  about  305  measures.  There  will, 
therefore,  have  been  a  diminution  of  195  measures,  of  which  pretty 
exactly  one  3d  may  be  estimated  to  be  pure  oxygen.  In  this  instance, 
therefore,  65  of  oxygen  have  been  lost  by  300  of  air,  or  21  and  a 
fraction  per  cent. 

The  general  rule  for  ascertaining  the  purity  of  air  by  hydro- 
gen gas,  may  be  stated  as  follows:  Add  to  three  measures  of  the 
air  under,  examination,  two  measures  of  pure  hydrogen  gas;  in- 
flame the  mixture  by  electricity  ;  observe  the  diminution  when 
the  vessel  has  cooled ;  and,  dividing  its  amount  by  three,  we 
obtain  pretty  nearly  the  quantity  of  oxygen  gas  which  has  been  con- 
densed. 

In  the  reverse  process,  i.  e.  in  determining  the  purity  of  hydrogen 
gas,  we  mix  it  with  more  oxygen  gas  than  is  required  for  satura- 
tion. Suppose  that  to  100  of  hydrogen  gas  we  add  100  of  oxygen, 
and  that  80  measures  remain  after  detonation.  The  diminution 
will  have  been  120  measures;  and,  of  these,  two  thirds,  or  80  mea- 
sures, are  hydrogen.  Hence  the  inflammable  gas,  under  examina- 
tion, must  contain  20  per  cent,  of  some  other  gas,  which  is  most 
probably  nitrogen.  In  this  way,  we  determine  the  proportions 
of  hydrogen  and  nitrogen  in  any  mixture  composed  of  the  two 
gases  only. 

(/)  The  diminution  of  hydrogen  and  oxygen  gases,  by  the  union 
of  their  bases,  may  be  shown  also  by  their  slow  combustion.  Fill  a 
tall  jar  with  oxygen  gas,  and  fill  also,  with  hydrogen  gas,  a  blad- 
der furnished  with  a  stop-cock,  and  with  a  long  brass  pipe  bent  like 
the  letter  S,  and  drawn  out  to  a  fine  point  (plate  iv.  fig.  41.)  On 
pressing  the  bladder,  a  stream  of  gas  will  issue  from  the  pipe, 
which  may  be  set  on  fire,  and  brought  cautiously  under  the  tall  in- 
verted jar  of  oxygen  gas.     By  this  contrivance,  the  stream  of  hy- 
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drogen  gas  will  be  burnt  in  a  confined  portion  of  oxygen  gas  ;  and, 
on  continuing  the  combustion  a  sufficient  length  of  time,  the  water 
will  be  seento  rise  gradually  within  the  jar.  On  the  first  impres- 
sion of  the  heat,  indeed,  a  quantity  of  gas  will  escape  from  the  jar, 
which  will  render  it  difficult  to  ascertain  what  degree  of  absorption 
has  actually  taken  place.  But  this  loss  may  be  prevented,  by  using 
a  jar  with  a  neck  at  the  top,  to  which  a  compressed  bladder  is  firm- 
ly tied.  The  expanded  air,  instead  of  escaping  through  the  water, 
will  now  fill  the  bladder  at  the  top;  and,  when  the  experiment  has 
closed,  and  the  vessels  have  cooled,  it  may  be  ascertained,  by 
pressing  out  the  gas  from  the  bladder,  what  quantity  of  oxygen  gas 
has  been  consumed. 

The  same  experiment  may  be  more  accurately  and  elegantly 
made,  with  the  assistance  of  an  apparatus,  which  I  have  described 
in  the  Philosophical  Transactions  for  1 808.  The  description  cannot 
be  understood  without  the  plate,  which  is  there  given,  and  which 
has  been  copied  into  the  Philosophical  Magazine,  vol.  xxxii.  and 
Nicholson's  Journal,  vol.  xxi.  The  fact  may,  also,  be  shown  by 
substituting,  for  the  bladder  (e,  fig.  41,)  a  small  gazometer,  con- 
taining a  measured  quantity  of  hydrogen  gas.  Let  the  bent  pipe 
be  screwed  on  the  cock  of  the  gazometer ;  and  over  its  open  end, 
placed  perpendicularly,  invert  a  jar  of  oxygen  gas.  This  jar  must 
be  provided  at  the  top  with  a  metallic  conductor,  screwed  into  a 
brass  cap,  as  represented  in  fig.  41  ;  which  shows  also  the  level  of 
the  water  within  the  jar,  attained  by  means  of  a  syphon.  After 
noting  the  height  of  the  water  within,  let  a  rapid  succession  of  elec- 
tric sparks  be  passed  between  the  two  conductors  ;  and,  on  open- 
ing the  cock  at  this  instant,  the  stream  of  oxygen  gas  will  be  in- 
flamed. The  end  of  the  pipe  must  then  be  so  far  depressed,  that 
the  cement  of  the  brass  cap  may  not  be  melted  by  the  flame;  and 
the  outer  surface  of  the  top  of  the  vessel  should  be  kept  cool. 
When  the  gas  is  first  lighted,  the  oxygen  gas  will  be  suddenly  ex- 
panded ;  but,  presently,  a  rapid  diminution  will  go  on,  till  the  water 
rises  above  the  end  of  the  pipe  and  extinguishes  the  flame.  If  pure 
oxygen  gas  be  employed,  it  will  be  found,  after  the  experiment, 
uninjured  in  its  quality,  and  will  support  the  combustion  of  burning 
bodies  as  well  as  before. 

When  the  above  experiment  is  made,  with  the  substitution  of 
common  air  for  oxygen  gas,  a  diminution  takes  place,  but  much 
less  considerable,  viz.  not  amounting  to  one  6th  of  the  original  bulk 
of  the  gas. 

(g)  When  a  stream  of  hydrogen  gas  is  burned  under  a  tube,  18 
or  24  inches  long,  a  musical  sound  is  produced.  The  experiment 
may  be  made  in  the  following  manner  : 

Into  a  glass  bottle  are  put  iron  filings  and  sulphuric  acid,  diluted 
with  five  or  six  parts  of  water;  and  a  cork  is  fitted  into  the  neck, 
through  which  a  glass  tube  is  passed,  having  its  upper  extremity 
drawn  out  to  a  capillary  bore.*     By  setting  fire  to  the  hydrogen 

*  The  success  of  this  experiment  seems  to  me  to  depend  greatly  on  the  at- 
tention paid  to  employing  a  tube  with  a  capillary  bore;  at  least,  whatever  mav 
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gas,*  which  escapes  from  this  extremity,  a  continued  current  or  jet 
of  flame  is  produced,  which  is  allowed  to  pass  into  a  tube  either  of 
glass,  earthen-ware,  or  metal.  If  the  tube  be  not  too  large,  the 
flame  becomes  smaller  as  it  is  depressed;  and  when  the  tube  co- 
vers the  flame  to  a  considerable  deptb,  very  clear  sounds  are  pro- 
duced. But,  on  the  contrary,  if  the  tube  be  too  narrow,  the  flame 
will  be  extinguished;  and,  in  proportion  as  the  tube  is  enlarged, 
the  sound  diminishes :  so  that  there  is  a  certain  limit  at  which  it 
totally  ceases.  The  same  happens  when  the  tube  is  too  long.  The 
sounds  may  be  raised  at  pleasure,  by  either  using  tubes  of  various 
figures  or  dimensions,  or  made  of  diffi.  rent  substances.! 

(A)  In  a  memoir  lately  read  to  the  National  Institute  of  France, 
M-  Biot  announces  the  important  fact,  that  a  mixture  of  hydrogen 
and  oxygen  gases  may  be  made  to  explode  by  mechanical  com- 
pression. A^  mixture  of  these  two  gases  was  introduced  into  a 
strong  metallic  syringe,  furnished  with  a  glass  bottom,  and  a  sud- 
den stroke  given  to  the  piston.  An  extremely  brilliant  light  ap- 
peared, accompanied  with  a  loud  detonation;  and  the  glass  bottom 
was  forcibly  driven  out.  The  repetition  of  this  experiment,  it 
is  obvious,  must  be  attended  with  considerable  difficulty  and  dan- 
ger.}: 

The  combustion  of  hydrogen  and  oxygen  gases  is  successfully 
applied  to  the  purpose  of  exciting  an  intense  heat  by  the  blow- 
pipe. The  peculiar  construction  of  the  apparatus  cannot  be  under- 
stood without  a  plate,  which  may  be  seen  in  the  Annates  tie  Chi' 
7nie,  torn.  xlv.  or  in  the  14th  volume  of  the  Philosophical  Maga- 
zine. It  may  be  sufficient  here  to  state,  that  the  gases  are  contain- 
ed each  in  a  separate  gas-holder;  that  they  are  expelled  by  the 
pressure  of  a  column  of  water  obtained  by  lengthening  the  pipe  bf 
fig.  36  ;  and  that  their  mixture  does  not  take  place,  till  they  nearly 
reach  the  aperture  of  the  pipe,  at  the  extremity  of  which  they  are 
inflamed.  This  last  precaution  is  of  considerable  importance,  be- 
cause a  violent  and  dangerous  explosion  would  otherwise  happen. 

be  the  reason,  the  sound  is,  T  think,  less  apparent  in  proportion  to  the  larger  dia- 
meter  of  the  opening  from  which  the  inflamed  gas  is  escaping.  The  fact  itself  has 
been  denied  by  some,  but  I  think  incautiously.  The  reason  of  the  sound  taking  place, 
appears  to  be  owing  to  the  continual  vibration  excited  in  the  tube,  by  the  perpe- 
tual conjunction  of  the  hydrogen  with  the  atmospheric  oxygen,  to  constitute  wa> 
ter ;  by  which  a  partial  vacuum  is  momentarily  produced,  and  which  is  as  ra- 
pidly filled  up  by  the  access  of  the  external  air.  It  is  a  singular  circumstance 
attending- this  experiment,  that  although  if  we  hold  the  tube  externally  by  the 
hands,  the  vibration  is  not'destroyed,  and  consequently  the  sounds  continue;  yet 
if  we  plunge  another  smaller  tube  within  the  upper  opening  of  that  in  which 
the  hydrogen  is  burning,  the  sound  is  instantly  suspended.  Another  fact  ap- 
pears to  be,  that  some  tubes  will  not  produce  the  sound  at  either  extremity,  and 
others  only  at  one.  Whatever  this  may  depend  on,  it  is  not  unreasona- 
ble to  suppose,  that  its  failure  in  the  cases,  in  which  the  fact  has  been  denied, 
may  have  arisen  from  using  such  incompatible  tubes.     C. 

*  The  gas  must  not  be  inflamed,  till  it  has  been  produced  for  some  time,  and 
has  expelled  all  the  common  air  of  the  bottle  ;  otherwise  an  explosion  will  hap- 
pen, and  the  bottle  will  be  burst,  with  some  clanger  to  the  operator. 

t  See  Nicholson's  Journal,  8vo.  i.  129,  and  iv.  23. 

t  See  Nicholson's  Journal,  xii.  212. 
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To  guard  the  more  effectually  against  this  accident,  it  is  advisable 
to  affix  a  valve,  opening  outwards,  in  the  pipe  proceeding  from  each 
gas-holder,  just  before  the  junction  of  the  two.* 

3.  Hydrogen  gas  has  an  unpleasant  stnell.\ 

4.  Though  inflammable  itself,  it  extinguishes  burning  bodies.— 
Bring  an  inverted  jar,  filled  with  this  gas,  over  the  flame  of  a  can- 
dle ;  and  suddenly  depress  the  jar,  so  that  the  lighted  wick  may  be 
wholly  surrounded  by  the  gas.  The  candle  will  immediately  be 
extinguished. 

5.  It  is  fatal  to  animals. — This  may  be  shown  by  confining,  in 
the  gas.  a  mouse,  or  other  small  animal. $ 

6.  It  is  considerably  lighter  than  atmospherical  air. — One  hundred 
cubic  inches,  the  barometer  being  30  inches,  and  the  thermometer 
60°,  weigh,  according  to  Kirwan,  2.613  grains;  according  to  La- 
voisier, 2.372  grains;  and,  according  to  Fourcroy,  Vauquelin,  and 
Seguin,  2.75  grains.  The  recent  determination  of  Sir  H.  Davy$ 
is,  that  100  cubic  inches  at  30.5  barometer,  and  51°  Fahrenheit, 
weigh  2.27  grains.  Messrs.  Biot  and  Arago  assign  to  it  the  speci- 
fic gravity  of  0.07321. 

(a)  Let  a  jar,  filled  with  this  gas,  stand,  for  a  few  seconds,  with 
its  open  mouth  upwards.  On  letting  down  a  candle,  the  gas  will 
now  be  found  to  have  escaped. 

(b)  Place  another  jar  of  the  gas  inverted,  or  with  its  mouth 
downwards.  The  gas  will  now  be  found  to  remain  a  short  time  in 
the  jar,  being  prevented  from  escaping  upwards  by  the  bottom  and 
sides  of  the  vessel. 

*  Such  is  the  propensity  to  degrade,  instead  of  fostering,  the  genius  of  Ame- 
rica in  scientific  pursuits,  amongst  the  philosophers  of  Europe,  and  especially 
those  of  Great  Britain,  that  an  acknowledgment  can  scarcely  be  there  expected 
for  any  discovery  or  improvement  in  the  new  world  !  Who  that  knows  the  ori- 
gin of  what  is  called  Hartley's  Quadrant,  (invented  by  Godfrey  of  this  city,)  and 
other  inventions  amongst  us,  can  hesitate  to  admit  the  truth  of  this  remark! 
"Who  would  not  imagine  that  the  above  mentioned  combination  of  oxygen  and 
hydrogen  gases  in  combustion  for  the  purpose  of  exciting  an  intense  heat,  was  of 
European  invention!  A  reference,  however,  to  the  Philosophical  Magazine, 
14th  vol.  as  above  quoted,  will  at  once  point  at  the  real  author  of  this  important 
aid  to  chemical  research.  The  paper  there  given  by  Tilloch,  and  the  plate  ac- 
companying it,  are  extracted  from  Mr.  Hare's  paper  read  before  the  Chemical 
Society  of  Philadelphia,  and  published  under  its  particular  order  many  years 
ago.  We  have  lately  seen  this  apparatus  slightly  modified,  pulled  off  with  all 
the  parade  of  science,  in  Great  Britain,  without  the  slightest  acknowledgment 
to  the  just  claims  of  Mr.  Hare.  The  subsequent  improvement  Mr.  Hare's  blow- 
pipe received  from  Mr.  Cloud  of  this  city,  and  of  Professor  Silliman  of  Yale  Col- 
lege, are  equally  overlooked,  together  with  the  extensive  series  of  experiments 
entered  into  by  the  last  nam*  d  gentleman  ;  and  yet  Professor  Silliman  has  un- 
doubtedly forestalled  many  of  the  brilliant  experiments  lately  published  by  Dr. 
Clarke,  in  the  annals  of  philosophy  !  I  am  happy  to  observe  that  Professor  bil- 
liman  has  ably  vindicated  Mr.  Hare's  claim,  together  with  his  own,  from  foreign 
invasion,  in  a  late  number  of  the  Eclectic  R<  pertory  of  Philadelphia.     C 

f  It  may  admit  of  some  doubt  whether  perfectly  pure  hydrogen  gas  has  any 
smell.  Certainly  the  smell  perceived,  diminishes  in  proportion  to  the  care  » e 
take  in  procuring  it.     C 

\  It  seems  to  be  negatively  fatal,  by  preventing  the  access  of  oxygen  to  the 
lungs,  rather  than  from  any  positively  deleterious  property  possessed  by  it.    C. 

§  Phil.  Trans.  1810. 
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(c)  Fill,  with  hydrogen  gas,  a  bladder  furnished  with  a  stop- 
cock; and  adapt  to  this  a  common  tobacco  pipe.  Dip  the  bowl  of 
the  pipe  into  a  lather  of  soap,  and,  turning  the  cock,  blow  up  the 
lather  into  bubbles.  These  bubbles,  instead  of  falling  to  the 
ground,  like  those  commonly  blown  by  children,  will  rise  rapidly 
into  the  air.  On  this  property  of  hydrogen  gas,  is  founded  its  ap- 
plication to  the  raising  of  balloons. 

(d)  The  experiment  may  be  varied  by  filling  the  bladder  with  a 
mixture  of  two  parts  of  hydrogen  gas  and  one  of  oxygen  gas. 
Bubbles,  blown  with  this  mixture,  take  fire  on  the  approach  of  a 
lighted  candle,  and  detonate  with  a  loud  report.  It  is  proper,  how- 
ever, not  to  set  them  on  fire,  till  they  are  completely  detached 
from  the  bowl  of  the  pipe ;  otherwise  the  contents  of  the  bladder 
will  be  exploded,  with  considerable  danger  to  the  operator. 

In  this  place  a  property  of  hydrogen  gas  may  be  described, 
which  it  possesses  in  common  with  all  other  aeriform  bodies,  viz. 
a  tendency  to  diffusion  through  any  other  elastic  fluid,  with  which 
it  may  be  brought  into  contact.  Common  or  inelastic  fluids  are 
capable  of  remaining  in  contact  with  each  other  for  a  long  time 
without  admix  ure.  Thus  if  we  half  fill  a  wine  glass  with  spirit 
of  wine  tinged  with  any  colouring  ingredient,  and  then,  by  means 
of  the  dropping  tube,  fig.  15,  introduce  under  it  a  quantity  of  wa- 
ter, the  spirit  floats  on  the  water,  and  the  two  surfaces  remain  per- 
fectly distinct,  provided  we  carefully  avoid  agitation  or  unequal 
changes  of  temperature.  But  this  is  not  the  case  with  elastic  fluids 
or  gases,  which,  it  has  been  discovered  by  Mr.  Dalton,*  penetrate 
each  other,  and  become  thoroughly  mixed  under  all  circumstances. 
The  fact,  with  respect  to  hydrogen  and  oxygen  gases,  may  be 
proved  by  a  very  simple  apparatus. 

Provide  two  glass  vials,  each  of  the  capacity  of  about  an  ounce 
measure,  and  also  a  tube  open  at  both  ends,  10  inches  long  and  one 
20th  inch  bore.  At  each  end,  the  tube  is  to  be  passed  through  a 
perforated  cork,  adapted  to  the  necks  of  the  vials  Fill  one  of  the 
boitles  with  hydrogen  gas,  and  the  other  with  oxygen  gas  ;  place 
the  lattt  r  on  a  table  with  its  mouth  upwards,  and  into  this  insert 
the  tube  secured  by  its  cork.  Then,  holding  the  hydrogen  bottle 
with  its  mouth  downwards,  fit  it  upon  the  cork  at  the  top  of  the 
tube.  The  two  bottles,  thus  connected,  are  to  be  suffered  to  re- 
main in  this  perpendicular  position.  After  standing  two  or  three 
hours,  separate  the  vials,  and  apply  a  lighted  taper  to  their  mouths, 
when  it  will  almost  certainly  occasion  an  explosion  in  each.  The 
hydrogen  gas,  though  nearly  14  times  lighter  than  the  oxygen, 
must,  therefore,  have  descended  through  the  tube  from  the  upper 
into  the  lower  vial;  and  the  oxygen  gas,  contrary  to  what  might 
have  been  expected  from  its  greater  weight,  must  have  ascended 
through  the  tube,  and  displaced  the  lighter  hydrogen. 

Experiments  of  this  kind,  it  has  been  shown  by  Mr.  Dalton, may- 
be extended  to  all  the  other  gases  ;  but  to  prove  the  effect,  tests  of 
a  different  kind  are  necessary,  which  require  a  previous  knowledge 

*  Manchester  Memoirs,  vol.  i.new  series. 
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of  the  properties  of  these  gases.  They  tend  to  establish  the  con- 
clusion, that  a  lighter  elastic  Jiuid  cannot  remain  u/ion  a  heavier  with- 
out admixture. 


CHAPTER  VI. 

OF    THE    COMPOSITION,    DECOMPOSITION,    AND    PROPERTIES   Of 

WATER. 


SECTION  I. 

Synthesis,  or  Composition,  of  Water. 

In  chap.  v.  sect.  v.  it  was  stated,  that  oxygen  and  hydrogen 
gases,  when  fired  over  water,  in  the  proper  proportion,  wholly  dis- 
appear. To  ascertain  the  nature  ol  the  product  thus  formed,  how- 
ever, the  experiment  must  he  repeated  over  mercury,  in  a  similar 
manner,  by  means  ol  the  detonating  tube  (pi.  ii.  fig.  28).  When 
this  is  done  repeatedly,  it  is  found  that  the  product  of  the  combus- 
tion is  that  well  known  fluid,  water,  which  is  thus  proved  to  be 
composed  of  two  elementary  ingredients.  The  water,  produced  in 
this  mode,  is  not,  however,  to  be  considered  as  a  compound  of  the 
two  gases,  but  only  of  their  bases;  for  the  light  and  caloric,  which 
constituted  the  gases,  escape,  in  considerable  part,  during  the  com- 
bustion. Every  gas,  it  must  be  remembered,  has  at  least  two  in- 
gredients; the  one,  gravitating  matter,  which  if  separate,  would 
probably  exist  in  a  solid  or  liquid  form ;  the  other,  an  extremely 
subtile  fluid,  termed  caloric*  In  the  example  before  us,  caloric 
(and  perhaps  electricity  and  light)  is  a  common  ingredient  bo'h  of 
hydrogen  and  oxygen  gases;  but  the  two  differ  in  having  different 
bases.  The  basis  of  the  one  is  called  hydrogen,  of  the  other  oxy- 
gen ;  and  water  may,  therefore,  be  affirmed  to  be  a  compound,  not 
of  hydrogen  and  oxygen  gases,  but  of  hydrogen  and  oxygen.  This 
may  be  proved  in  two  modes,  by  synthesis,  i.  e.  by  joining  together 


*  I  have  before  objected  to  the  broad  and  sweeping  clause  so  universally  main- 
tained, of  gases  necessarily  depending  on  the  combination  of  caloric,  for  their 
peculiar  state  of  cohesion.  This  is  a  point  by  no  means  proved,  by  any  tiling 
satisfactory,  at  least  to  my  mind  ;  and  if  we  take  Dr.  Henry's  words  in  their  real 
meaning,  we  shall  be  disposed  to  think  that  he  is  not  himself  satisfied  of  its  truth. 
««  Every  gas,"  says  he,  "  has  at  least  two  ingredients;  the  one,  gravitating  matter, 
■which,  if  separate,  would  probably  exist  in  a  solid  or  liquid  form,"  &c.  but  we  must 
not  in  science  admit  mere  probability  for  fact.  Nay,  indeed,  I  think  it  might 
be  shewn,  that  even  probability  is  against  it ;  for  all  the  assertions  made  on 
this  point,  appear  to  be  solely  founded  upon  experiments  on  the  vapour  of 
water,  whose  anomalies  ought  to  prevent  us  from  drawing  any  certain  conclusions 
from  it,  as  to  other  substances.    C. 
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its  two  elementary  ingredients  ;  and  by  analysis,  in  other  words,  by 
separating  the  constituent  parts  of  water,  and  again  exhibiting  them 
in  a  distinct  form. 

I.  Fill,  with  hydrogen  gas,  a  bladder,  furnished  with  a  stop-cock 
and  bent  pipe  (fig.  41,  <?),  as  in  the  last  chapter.  Then  pour  into 
a  shallow  earthen  dish  as  much  quicksilver  as  will  about  half  till  it, 
and  invert  over  this  a  glass  bell,  full  of  common  air  and  perfectly 
dry.  Expel  the  hydrogen  gas  through  the  pipe  ;  light  the  stream, 
and  bring  it  under  the  glass  bell,  by  raising  this  and  depressing  it 
into  the  mercury,  as  soon  as  the  inflamed  gas  is  introduced.  A  por- 
tion of  air  will  escape,  at  first,  in  consequence  of  the  rarefaction. 
As  the  combustion  continues,  water  will  form,  and  will  condense  on 
the  sides  of  the  glass.  This  water  is  produced  by  the  union  of  hy- 
drogen with  the  oxygen  contained  in  atmospheric  air. 

II.  Those  persons  who  are  not  possessed  of  a  sufficient  quantity 
of  quicksilver  to  repeat  the  above  experiment,  may  substitute  the 
following:  procure  a  large  glass  giobe,  capable  of  holding  three  or 
four  quarts,  and  having  two  openings, opposite  to  each  other,  which 
may  be  drawn  out  for  a  short  distance,  like  the  neck  of  a  retort.  In- 
flame the  stream  of  hydrogen  gas,  and  introduce  it  into  the  centre  of 
the  globe.  The  rarefied  and  vitiated  air  will  ascend  through  the 
aperture  of  the  globe,  and  a  constant  supply  of  fresh  air  will  be 
furnished  from  beneath.  By  this  combustion,  a  quantity  of  water 
will  be  generated,  which  will  be  condensed  on  the  inner  surface  of 
the  vessel. 

III.  A  simple  and  ingenious  apparatus,  less  costly  than  any  other, 
intended  for  the  purpose  of  exhibiting  the  composition  of  water,  is 
made  by  Mr.  Cuthbertson  of  London.  It  is  described  and  figured 
in  Nicholson'.s 'Journal.  4to.  vol.  ii.  p.  235;  or  in  the  Philosophical 
Magazine,  vol.  ii.  p.  317* ;  and  also  in  plate  iv.  of  this  work,  fig.  33 
and  34. 

In  using  this  apparatus,  however,  instead  of  two  glass  receivers 
for  the  oxygen  and  hydrogen  gases,  standing  inverted  in  a  trough 
of  water,  I  employ  a  couple  of  gazometers  ;  and  with  this  altera- 
tion, the  experiment  is  more  easily  managed,  as  well  as  more  strik- 
ing. The  apparatus  thus  modified,  consists  of  a  large  glass  re- 
ceiver or  bottle  a  (pi.  iv.  fig.  34),  with  an  opening  at  the  bottom, 
into  which  is  cemented  a  piece  of  brass,  perforated  with  two  holes. 
This  brass  piece  is  represented  of  a  larger  size  in  fig.  33  ;  the 
aperture  a  conveying  the  oxygen  gas,  and  b  the  hydrogen.  Before 
commencing  the  experiment,  the  cock  e,  fig.  34,  is  screwed,  by 
means  of  a  collar-joint,t  to  the  cock  b  of  the  gazomctcr,  fig.  35,  con- 
taining oxygen  gas  ;  and  to  the  cock  rf,  by  the  same  means,  is  af- 
fixed another  gazometer,  filled  with  hydrogen  gas. 

*  In  the  same  volume  of  the  Philosophical  Magazine,  an  interesting  account 
may  be  consulted  of  the  principal  experiments  on  the  composition  of  water,  ac- 
companied  by  neat  and  perspicuous  engravings  of  the  apparatus  employed  in 
them. 

\  See  pi.  v.  fig.  47 ;  and  the  corresponding  description  of  the  structure  of  this 
joint,  in  the  explanation  of  the  plates  at  the  end  of  the  work. 
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When  it  is  intended  to  ascertain,  accurately,  the  proportions  of 
gases  consumed  and  of  water  generated,  the  receiver  a  previously 
weighed,  is  first  exhausted  by  an  air  pump,  with  which  it  may  be 
connected  by  the  female  screw  at  c.  The  quantity  of  common  air 
left  in  the  receiver  may  be  determined,  by  enclosing  a  gauge  with- 
in it.  If  the  additional  expense  be  not  deemed  an  objection,  it  is 
advisable,  that  after  exhausting  the  receiver,  oxygen  gas  should  be 
admitted  ;  its  contents  be  exhausted  a  second  time  ;  and  again  re- 
newed by  fresh  oxygen  from  the  gazometer,  the  quantity  of  which 
may  be  observed  by  tt.e  graduated  scale  The  receiver  being  thus 
filled  with  oxygen  gas,  and  accurately  closed  by  a  cock  at  c,  a  suc- 
cession of  spirks  is  to  be  passed,  fiorn  the  prime  conductor  of  an 
electrical  machine,  between  the  platina  knob  of  the  bent  wire  with- 
in the  receiver,  and  the  point  of  the  brass  cone.  While  the  sparks 
are  transmitted,  the  cock  d  is  to  be  opened.  A  stream  of  hydrogen 
gas  will  immediately  issue  from  the  aperture  at  the  point  of  the 
cone,  and  will  be  inflamed  by  the  electric  spark,  as  represented  fig. 
33.  The  cock  e  is  now  to  be  opened,  and  the  size  of  the  fla>ue  of 
hydrogen  gas  moderated  by  partly  shutting  the  cock  d.  As  the 
volume  of  hydrogen  gas  consumed  is  double  that  of  the  oxygen; 
and  the  pipe,  which  transmits  it,  is  of  less  diameter  than  that  con- 
veying the  latter,  about  twice  the  pressure  is  required  to  expel  the 
hydrogen.  This  is  given,  by  lessening,  in  that  proportion,  the 
weight  of  the  counterpoises  (ee,  fig.  35)  of  the  gazometer  contain- 
ing hydrogen. 

During  the  combustion,  the  moveable  vessel  e,  fig.  35,  of  each 
gazometer  descends  ;  and,  by  observing  the  graduated  scales,  it 
will  be  seen  that  the  hydrogen  vessel  fails  twice  as  quick  as  that 
which  holds  the  oxygen  gas.  It  is  necessary  to  keep  the  receiver 
a  cool  by  means  of  wet  cloths;  and,  when  this  is  done,  the  water, 
which  is  produced  will  form  into  drops  on  the  inside  of  the  receiver, 
and  collect  at  the  bottom.  At  the  conclusion  of  the  experiment, 
the  receiver  is  to  be  again  weighed,  and  the  increase  noted.  The 
quantity  of  gases  consumed  is  to  be  observed,  and  their  actual 
weight  computed,  by  means  of  the  table  given  in  the  Appendix.  It 
will  be  found,  that  the  weight  of  water  produced  is  very  nearly 
to  that  of  the  two  gases  expended  ;  that  is  to  say,  for  every  hundred 
grains  of  water  generated  in  the  receiver,  88.3  grains  of  oxygen 
gas,  and  1 1 .7  grains  of  hydrogen  gas  (equal  by  measure  to  about  250 
cubic  inches  of  the  former,  and  500  of  the  latter),  will  have  disap- 
peared from  the  gazometers. 

IV  By  firing  repeated  portions  of  a  mixture  of  oxygen  and  hy- 
drogen gases  over  mercury,  a  sensible  quantity  of  water  will  at  last 
be  produced. 

Of  the  Pro/wrtion  of  the  Elements  of  Water. 

The  precise  determination  of  the  proportions  of  oxygen  and  hy- 
drogen in  water,  is  a  problem  of  great  importance,  not  only  on  ac- 
count of  the  fact  itself,  but  of  its  influence  on  the  general  theory 
of  chemistry.     The  results  of  almost  all  the  earliest  experiments 
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tended  to  prove,  that  water  is  a  compound  of  85  parts  by  weight  of 
oxygen,  and  15  of  hydrogen.  These  numbers  were  afterwards  cor- 
rected by  Fourcroy,  &c.  to  85.7  ot  oxygen,  and  14.3  of  hydrogen  ; 
and  in  1805  it  was  shown,  by  Humboldt  and  Gay  Lussac,  that  the 
quantity  of  aqueous  vapour,  which  gases  always  contain,  being  sub- 
tracted, it  is  a  nearer  approximation  to  truth  to  state  the  propor- 
tions at  87.4  and  12.6.  It  is  admitted,  on  all  hands,  that  water  is 
formed  by  the  union  of  two  volumes  of  hydrogen  gas,  and  one 
volume  of  oxygen  gas.  The  greatest  deviation  from  those  numbers 
that  has  ever  been  contended  for,  is,  that  100  measures  of  oxygen 
gas  combine  with  197  of  hydrogen.*  A  difference,  however,  so 
difficult  to  ascertain,  on  account  of  its  minuteness,  may  be  neglect- 
ed ;  and  it  may  be  safely  assumed,  that  the  general  statement  ol  one 
volume  of  oxygen  to  two  of  hydrogen  is  correct. 

In  determining  the  proportion  of  the  elements  of  water,  every 
thing  will  depend,  therefore,  on  the  precision  with  which  the  spe- 
cific gravities  of  oxygen  and  hydrogen  gases  are  ascertained. 
Taking  the  results  of  Biot  and  Arago  as  accurate  (viz.  1.10359  for 
oxygen  gas,  and  0.07321  for  hydrogen  gas),  the  propoition  of  the 
elements  of  water  must  be  as  those  numbers  ;  and  100  grains  must 
be  composed  of 

Oxygen 88.286 

Hydrogen 11.714 


100. 
These  proportions  scarcely  differ  from  those  assigned  by  Ber- 
zelius  (81  An.  Ch.  25),  viz. 

Oxygen     .     .     88.246     .     .     750.77     .     .      100 
Hydrogen      .     11.754     .     .     100.         .     .        13.33 


100.  850.77  1  1 3  33 

If  then  we  admit,  with  Mr.  Dalton,  that  water  is  compounded  of 
an  atom  of  oxygen  united  with  an  atom  of  hydrogen,  the  relative 
weights  of  these  atoms  will  be  the  same  as  the  relative  weights  of 
oxygen  and  hydrogen,  ascertained  to  form  water,  viz.  for  oxygen 
very  nearly  7.5,  and  for  hydrogen  1.     Or   if,  with  Dr.   Wollaslon 

*  The  above  statement  on  the  proportion  of  the  elements  of  water,  will 
serve  to  show,  how  erroneously  we  often  reason  on  presumed  facts.  Lavoisier, 
who  drew  many  of  his  most  important  deductions  from  his  experiments  on  wa- 
ter, determines  most  unequivocally  the  proportions  of  its  elements  to  be  1.5 
grains  of  hydrogen  and  85  of  oxygen.  In  his  controversy  with  Mr.  Kirwan,  then, 
a  firm  supporter  of  die  existence  of  phlogiston,  he  tells  us,  "  one  of  the  points 
of  the  modern  doctrine,  which  appears  the  most  firmly  established,  is  the  forma- 
tion, the  decomposition,  and  recomposition  of  water,  and  how  can  it  be  possible 
to  doubt  this,  when  we  see  by  burning  together  15  grains  of  inflammable  gas 
and  85  of  vital  air,  the  product/*'  exactly  IM  grams  of  water,"  &c.  (Essay  on 
Phlogiston,  &c.  by  R.  Kirwan,  p.  16.)  yet  we  find  it  afterwards  modified  by 
succeeding  philosophers,  until  we  now' find  it  to  consist  of  about  88^  oxy- 
gen, and  11$  of  hydrogen.  If  then  such  an  error,  on  either  side,  existed  in  respect 
to  the  experiments  of  Lavoisier,  how  can  we  with  propriety  bow  with  humble 
deference  to  his  doctrines  !  In  the  last  sentence  of  the  above  paragraph,  there  is 
a  looseness  of  expression  (in  "may  be  neglected")  as  connected  wit!)  chemical 
facts,  that  I  should  scarcely  have  suspected  in  so  accurate  a  philosopher  as  Dr. 
Henry. C. 
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and  others,  we  denote  the  atom  of  oxygen  hy  10,  the  atom  of  hy. 
drogen  will  bear  to  lOtlie  same  ratio  that  1  bears  to  7.5,  viz.  it  will 
be  denoted  by  1.327.  It  should  be  observed,  that  Mr.  Dalton  has 
deduced  the  relative  weight  of  the  atom  of  oxygen  to  be  to  that  of 
hyorogen  as  7  to  1.*  But  this  determination  is  founded  on  the  re- 
sults of  Humboldt  and  Guy  Lussac,  and  not  on  the  more  recent, 
and  probably  more  correct  ones  of  Biot  and  Arago. 

It  musl  be  allowed,  however,  to  be  possible,  though  it  is  a  much 
less,  probable  view  of  the  subject,  that  water  may  be  a  compound 
of  two  atoms  of  hydrogen  with  one  of  oxygen,  which  would  double 
the  weight  ot  the  atom  of  oxygen,  and  make  it  15,  the  number  as. 
sunu  d  by  Sir  H.  Davy.  But  hitherto  we  have  no  evidence  that 
oxygen  and  hydrogen  unite  in  any  other  proportion,  than  that  con- 
stituting water;  for  whatever  excess  we  employ  of  the  one  gas,  or 
of  the  other,  the  surplus  invariably  remains  without  alteration. 
Now  it  admits  of  beini^  proved  to  be  consistent  with  mechanical 
principles,  that  the  most  energetic  combination  of  any  two  elements 
is  that,  in  which  they  are  united  particle  to  particle.  Until,  therefore, 
the  contrary  can  be  established,  we  may  assume,  with  Mr  Dalton, 
that  water  is  a  binary  compound  of  1  atom  of  oxygen,  and  1  atom  of 
hydrogen  :  and,  adding  the  weights  of  these  atoms  together  (7.5-f- 
1),  an  atom  of  water  will  weigh  8.5.  The  same  proportions,  ex- 
pressed by  different  numbers,  as  proposed  by  Dr.  Wollaston,  will 
make  the  relative  weight  of  an  atom  of  water  10.000+ 1.327IZ 
11.327;  the  only  difference  in  this  way  of  stating  the  fact,  being, 
that  oxygen,  instead  of  hydrogen,  is  expressed  by  the  decimal 
unit. 
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Analysis^  or  D€co7nfiosition,  of  Water. 

The  analytic  experiments  on  water  are  of  two  kinds:  1st,  Such 
as  present  us  with  one  of  its  ingredients  only,  in  a  separate  and  dis- 
tinct form;  2dly,  Such  as  present  us  with  its  two  component  principles, 
the  hydrogen  and  oxygen,  mixed  together  in  the  state  of  gas. 

I.  Of  the  first  kind  are  the  following  : 

1.  Procure  a  gun-barrel,  the  breech  of  which  has  been  removed, 
so  as  to  form  a  tube  open  at  each  end.  Fill  this  with  iron  wire, 
coiled  up  in  a  spiral  form.  To  one  end  of  the  barrel  adapt  a  small 
glass  retort,  partly  filled  with  vater,  and  to  the  other  a  bent  glass 
tube,  the  open  end  of  which  terminates  under  the  shelf  of  the 
pneumatic  cistern.  Let  the  barrel  be  placed  horizontally  (or  rattier 
with  that  end,  to  which  the  retort  is  fixed,  a  little  elevated)  in  a  fur- 
nace which  has  two  openings  in  its  body  opposite  to  each  other. 
(PI.  iv.  fig.  40.)  Light  a  fire  in  the  furnace;  and,  when  the  gun- 
barrel  has  become  red-hot,  apply  a  lamp  under  the  retort.  The 
3team  of  the  water  will  piss  over  the  red-hot  iron,  and  will  be  de- 

*  New  System,  p.  275. 
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composed.  Its  oxygen  will  unite  with  the  iron;  and  its  hydrogen 
will  be  obtained  in  the  form  of  a  gas.  This  is  the  readiest  and 
cheapest  mode  of  procuring  hydrogen  gas,  when  wanted  in  consi- 
derable quantity. 

2.  The  same  experiment  may  be  repeated ;  substituting  an 
earthen  tube  lor  a  gun-barrel,  and  weighing  the  iron  wire  accu- 
rately, both  before  and  after  the  experiment.  The  iron  will  be 
found  to  have  gained  weight  very  considerably;  and.  if  attention 
be  paid  to  the  weight  of  the  water  that  escapes  decomposition,  by 
an  addition  to  the  apparatus  (fig.  40,  e),  and  to  the  weight  of  the 
gases  obtained,  it  will  be  found,  that  the  weight  gained  by  the 
iron,  added  to  that  of  the  hydrogen  gas,  will  make  up  exactly  the 
weight  of  the  water  that  has  disappeared.  From  experiments  of 
this  kind,  conducted  with  the  utmost  attention  to  accuracy,  -  swell 
as  from  synthetic  experiments,  it  appears,  that  water  is  coin- 
pounded  of  85  per  cent,  oxygen,  and  15  hydrogen,  by  weight,  \cry 
nearly.  But  as  hydrogen  gas  is  eleven  times  lighter  than  common 
air,  the  proportion  of  gases,  by  volume,  required  to  form  water,  is 
about  two  of  hydrogen  to  one  of  oxygen  gas.  By  the  decomposi- 
tion of  every  hundred  grains  of  water,  therefore,  the  iron  etiiploy- 
cd  gains  85  grains,  and  becomes  oxidized  ;  and  15  grains  (equal 
to  about  500  cubical  inches)  of  hydrogen  gas  are  obtained. 

3.  Water  may  be  decomposed,  in  a  similar  apparatus,  over  char- 
coal instead  of  iron.  The  results,  however,  are  different  in  this 
case,  as  will  appear  from  a  subsequent  section. 

4.  Another  mode  of  effecting  the  decomposition  of  water  yet 
remains  to  be  mentioned,  in  which  not  the  hydrogen,  but  the  oxy- 
gen, is  obtained  in  a  gaseous  state.  This  is  by  the  action  of  living 
vegetables;  either  entire,  or  by  means  of  their  leaves  only.  Fill 
a  clear  glass  globe  with  water,  and  put  into  it  a  number  of  green 
leaves,  from  almost  any  tree  or  plant.  A  sprig  or  .two  of  mint  will 
answer  the  purpose  perfectly  well.  Invert  the  glass,  or  place  it, 
with  its  mouth  downwards,  in  a  vessel  of  water.  Expose  the 
whole  apparatus  to  the  direct  light  of  the  sun,  which  will  then  fall 
on  the  leaves  surrounded  by  water.  Bubbles  of  air  will  soon  be- 
gin to  form  on  the  leaves,  and  will  increase  in  size,  till  at  last  they 
rise  to  the  top  of  the  vessel.  This  process  may  be  carried  on  as 
long  as  the  vegetable  continues  healthy;  and  the  gas,  when  exa- 
mined, will  prove  to  be  oxygen  gas,  nearly  pure.  In  this  experi- 
ment, the  hydrogen  combines  with  the  plant,  to  the  nourishment 
and  support  of  which  it  contributes,  while  the  oxygen  is  set  at 
liberty. 

II.  The  processes,  by  which  the  elementary  parts  of  water  are 
separated  from  each  other,  and  are  both  obtained  in  an  aeriform 
state  as  a  mixture  of  hydrogen  and  oxygen  gases,  are  dependent 
on  the  agency  of  electricity. 

1.  The  first  of  these  experiments  requires  for  its  performance 
the  aid  of  a  powerful  electrical  machine.  This  fact  was  the  dis- 
covery of  a  society  of  Dutch  chemists  ;  and  the  principal  circum- 
stance, in  the  experiment,  is  the  transmission  of  electrical  shocks, 
through  a  confined  portion  of  water.    The  apparatus  employed,  in 
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this  experiment  of  Messrs.  Dieman  and  Van  'J  "roostwyk,  is  a  glass 
tube,  about  one  8th  of  an  inch  diameter,  and  12  inches  long,  one  of 
the  end*,  of  which  is  sealed  hermetically,  a  gold  wire  being  insert- 
ed at  this  end,  and  projecting  about  an  inch  and  a  half  within  the 
tube.  About  the  distance  of  five  8ths  of  an  inch  from  the  extre- 
mity of  this,  another  wire  is  to  be  fixed,  which  may  extend  to  the 
open  end  of  the  tube.  The  tube  is  next  to  be  filled  with  distilled 
water,  and  to  be  placed  inverted  in  a  vessel  of  the  same.  When 
thus  disposed,  electrical  shocks  are  to  be  passed  between  the  two 
ends  of  the  wire,  through  the  water ;  and,  if  these  shocks  be  suf- 
ficiently strong,  bubbles  of  air  will  be  formed  at  each  explosion, 
and  will  ascend  till  the  upper  part  of  the  wire  is  uncovered  by  the 
water.  As  soon  as  this  is  effected,  the  next  shock  that  is  passed 
will  set  fire  to  the  air,  and  the  water  will  rise  again  in  the  tube,  a 
very  small  quantity  of  gas  remaining.  Now,  as  hydrogen  and  oxy- 
gen gases,  in  a  state  of  admixture,  are  the  only  ones  that  are  capa- 
ble of  being  inflamed  by  the  electric  shock  ;  and  as  there  is  nothing 
in  the  tube,  besides  water,  that  can  afford  them  in  this  experiment, 
we  may  safely  infer,  that  the  evolved  hydrogen  and  oxygen  gases 
arise  from  decomposed  water. 

2.  An  improved  apparatus,  exhibiting  the  same  experiment, 
with  less  trouble  to  the  operator,  has  been  invented  by  Mr.  Cuth- 
bertson,  and  may  be  seen  described  and  figured  in  Dr.  Pearson's 
paper  in  the  Philosophical  Transactions  for  1797,  or  in  Nicholson's 
Journal,  vols.  i.  and  ii.  4to. 

3.  The  decomposition  of  water  by  galvanic  electricity  is  a  pro- 
cess singularly  adapted  to  demonstrate  the  fact  in  a  simple  and 
elegant  manner.  The  manner  of  conducting  it,  as  well  as  the  re- 
sults, will  be  fully  explained,  when  we  come  to  treat  of  the  gene- 
ral principles  of  electro-chemical  science. 
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Projierties  and  Effects  of  Water* 

I.  Water  contains  air. — This  may  be  shown  by  placing  a  glass 
vessel  of  water  under  the  receiver  of  an  air-pump.  During  the 
exhaustion  of  the  receiver,  bubbles  of  air  will  be  seen  to  ascend 
very  plentifully.  Much  air  escapes  also  from  water,  during  ebul- 
lition, and  may  be  collected  by  a  proper  apparatus.  The  same 
fact  may  also  be  exhibited,  by  filling  a  barometer  tube,  about  32 
inches  long,  sealed  at  one  end  with  quicksilver,  except  about  four 
inches,  and  the  remainder  with  water.  On  inverting  the  open  end 
of  the  tube  in  quicksilver,  bubbles  of  air  will  be  seen,  in  a  short 
time,  to  rise  from  the  water. 

The  kind  of  gas,  extricated  from  the  water  of  a  spring  at  acon- 

*  Whenever,  in  the  course  of  this  work,  water  is  mentioned  as  an  arent  in 
3ny  chemical  operation,  pure  distilled  water  is  to  be  understood. 


SECT.  III.  PROPERTIES    OF    WATER.  123 

siderabie  distance  from  the  surface,  I  have  made  the  object  of  ex- 
periment.* From  100  cubic  inches  of  the  water,  or  about  3^  wine 
pints,  4.76  cubic  inches  of  gas  were  separated,  of  which  3.38 
were  carbonic  acid  gas,  and  1.38  air  of  the  same  standard  as  that 
of  the  atmosphere. 

It  is  probable  that  the  proportion  of  gaseous  contents  differs  in 
the  water  of  different  spiings,  for  Mr  Dalton  states  the  average 
of  his  experiments  to  be  about  2  inches  from  100  of  water,  and 
that  the  air  expelled,  after  losing  5  or  10  per  cent  of  carbonic  acid 
by  the  action  of  lime  water,  consists  of  38  per  cent  oxygen  and  62 
mtrogen.f 

Every  gas  is  absorbed  by  water,  which  has  been  deprived  of  all 
or  the  greatest  part  of  its  air  by  long  boiling.  The  quantity,  how- 
ever, which  water  is  capable  of  absorbing,  varies  considerably  with 
respect  to  the  different  gases.  Those,  of  which  only  a  small  pro- 
portion is  absorbed,  require  violent  and  long  continued  agitation 
in  contact  with  water.  The  following  table  has  been  drawn  up  by- 
Mr.  Dalton  from  the  combined  results  of  his  own  experiments 
and  mine. 

Water  absorbs,  at  the  mean  pressure  and  temperature  of  the  at- 
mosphere, 

Of  carbonic  acid  gas its  own  bulk. 

sulphuretted  hydrogen do. 

nitrous  oxide ? do. 

olefiant  gas |. 

oxygen  gas ,  .  .  ^. 

nitrous  gas do. 

carburetted  hydrogen do. 

carbonic  oxide ^j. 

azotic  gas do. 

hydrogen  gas  do. 

The  principle,  on  which  gases  are  retained  by  water,  is  still  a 
matter  of  controversy.  By  Berthollet  and  the  generality  of  che- 
mists, it  is  ascribed  to  the  exertion  of  a  chemical  affinity  between 
the  gas  and  the  water;  but  it  has  been  suggested  by  Mr.  Dalton 
(and  as  appears  tome  with  greater  probability)  that  the  fact  may  be 
better  explained  on  mechanical  principle.}:  A  statement  of  the  ar- 
gument may  be  seen  in  Mr.  Dalton's  "  New  System  of  Chemical 
Philosophy,"  or  in  two  papers,  which  I  have  published  in  the  eighth 
and  ninth  volumes  of  Nicholson's  Journal. 

II.  Water  is  contained  in  the  air  of  the  atmosphere,  even  during  the 
driest  weather. — Expose  to  the  air,  in  a  shallow  vessel,  a  little  sub- 
carbonate  of  potash  or  common  salt  of  tartar.  In  a  few  days  it  will 
have  become  moist,  or  deliquiated.     On  the  same  principle,  water 

*  Philosophical  Transactions,  1803.  t  Ncw  System  p.  271. 

\  It  is  to  be  regretted  Dr.  H.  did  not  introduce  the  arguments  favourable  to 
this  opinion.  Were  it  a  mere  mechanical  principle  which  operated  in  this  case, 
there  seems  very  little  reason  why  all  the  above  mentioned  gases  should  be  so 
unequally  absorbed,  since  it  should,  apparently,  act  on  all  alike.    C. 
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exposed  to  the  air,  in  a  shallow  vessel,  disappears,  being  dissolved 
by  the  atmosphere.  Saussure  states  the  quantity  of  water  in  a  cubic 
foot  of  air,  charged  with  moisture  at  65°  ot  Fahrenheit,  to  be  11 
grains.  The  quantity  of  water,  that  may  be  extracted  from  100 
cubical  inches  of  air,  at  57°  Fahrenheit  is  0.35  of  a  grain  ;  but,  ac- 
cording to  Clement  and  Desormes,at  54°  Fahrenheit,  only  0.236  of 
a  grain  can  be  detached  by  exposure  to  muriate  of  lime.  The  ex- 
periments, both  of  these  chemists  and  of  Mr.  Dalton,  concur  in 
proving,  that  at  the  same  temperature  equal  bulks  of  different  gase# 
give  up  the  same  quantity  of  water  to  deliquescent  salts.  The  por- 
tion oi  humidity,  which  they  thus  abandon,  has  been  called  hygro- 
metric  water.  Whether  they  contain  a  still  farther  quantity  in  a  state 
of  more  intimate  union,  and  not  separable  by  deliquescent  substances, 
is  still  Undetermined. 

III.  Several  bodies  absorb  water  from  the  atmosphere,  which  can 
scarcely  be  supposed  to  have  an  afhnity  for  it,  and  again  give  it  up, 
on  the  application  of  a  gentle  heat.  Such  are  almost  all  substances 
in  the  state  of  powder  ;  porous  paper  ;  and  even  the  filings  of  me- 
tals. Some  powders  retain  the  moisture  they  have  absorbed,  till  a 
considerable  heat  is  applied.*  The  nature  of  this  combination  is 
not  exactly  understood. 

There  are  two  different  theories  of  the  state,  in  which  water  ex- 
ists in  the  atmosphere  and  in  other  gases.  By  most  writers,  it  has 
been  considered  as  united  to  air  by  chemical  affinity  ;  and,  when  ab- 
stracted by  other  bodies,  (as  sulphuric  acid,  lime,  and  the  whole 
class  of  deliquescent  salts)  the  effect  has  been  ascribed  to  the  su- 
perior affinity  of  those  bodies  for  water.  Mr.  Dalton  first  took  a 
different  view  of  the  subject,  viz.  that  the  vapour  of  water,  mixed 
with  air,  and  other  gases,  differs  in  no  respect  from  pure  steam,  and 
is  subject  to  the  same  laws.  It  constitutes,  indeed,  in  his  opinion, 
a  distinct  and  independent  atmosphere,  the  elastic  force  of  which 
forms,  at  different  temperatures,  different  proportions  of  the  elastic 
force  of  the  whole  ;  for  example,  at  the  temperature  of  65°  Fahren- 
heit it  gives  to  air  -^  of  its  elasticity.  This  theory  appears  to  have 
much  more  probability,  than  that  which  explains  the  phenomena  by 
chemical  affinity  ;  and  it  is  supported,  especially,  by  the  absorption 
of  caloric,  which  is  ascertained  to  be  of  the  same  amount,  in  spon- 
taneous as  in  forced  evaporation. 

Instruments  for  measuring  the  degree  of  moisture  of  the  air  are 
called  hygrometers.  They  consist,  for  the  most  part,  of  some  sub- 
stance, such  as  a  human  hair  or  a  fine  slip  of  whalebone,  which  is 
elongated  by  a  moist  atmosphere,  and  shortened  by  a  dry  one.  The 
extreme  points  are  attained  by  placing  it,  first  in  air  artificially 
dried,  and  then  in  air  rendered  as  humid  as  possible.  The  degree 
of  expansion  or  contraction  is  rendered  more  sensible  by  connect- 
ing it  with  an  axis,  which  moves  a  circular  index,  like  the  fingerof 
a  clock.  Mr.  Leslie,  by  a  slight  modification  of  his  differential 
thermometer,  makes  it  serve  the  purpose  of  an  hygrometer  ;  for  if 
one  of  the  balls  be  covered  with  silk,  and  then  moistened  with  wa- 

*  Berzelius,  79  An.  Chim.  118. 
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ter,  the  rate  of  evaporation  will  be  shown  by  the  degree  of  cold  pro- 
duced, as  indicated  by  the  descent  of  che  liquid  in  the  opposite  leg 
olthe  instrument.  The  drier  the  air,  the  quicker  wiil  be  the  eva- 
poration, and  the  greater  the  effect  in  moving  the  liquid  within  the 
instrument. 

IV.  Water  enters  into  combination  with  various  solid  bodies,  and 
entirely  loses  its  Jluid  form. — In  many  instances,  it  unites  only  in  a 
definite  proportion  ;  and  it  is  retained  by  so  powerful  an  affinity,  as 
not  to  be  stpanued  by  a  very  high  temperature.  Such  compounds 
are  termed  hydrates.  The  pure  alkalis,  potash,  and  soda,  retain, 
for  example,  even  alter  fusion,  about  \  their  weight  of  water, 
which  can  only  be  separated  by  some  body  having  a  stronger  affi- 
nity for  the  aikali.  In  all  hydrates,  at  least  one  atom  of  water 
must  be  present,  or  it  must  be  contained  in  them  in  such  quantity, 
as  to  bear  the  proportion  of  at  least  8.5  to  the  weight  of  the  atom 
with  which  it  is  united.  If,  for  example,  the  weight  of  the  atom 
of  potash  be  48,  as  Sir  H.  Davy  supposes,  we  cannot  have  a  true 
chemical  compound  of  water  and  potash,  in  which  the  former  bears 
to  the  latter  a  less  proportion  than  that  of  8.5  to  48.  And  if,  in 
any  instance,  water  is  obtained  from  a  compound  in  a  proportion 
less  than  that  of  the  weight  of  the  atom  of  water,  to  the  weight  of 
the  atom  of  the  body  with  which  it  is  associated,  we  may  take  for 
granted  that  it  is  held  mechanically  and  accidentally,  and  not  as  a 
true  chemical  constituent.  Such  appears  to  be  the  nature  of  the 
union  of  water  with  certain  neutral  salts  (common  salt  for  exam- 
ple) which  contain  only  1  or  2  per  cent,  of  their  weight  of  water. 

V.  Water  dissolves  a  great  variety  of  solid  bodies. — The  sub- 
stances, on  which  it  exerts  this  effect,  are  said  to  be  soluble  in  wa- 
ter ;  and  there  are  various  degrees  of  solubility.  See  chap.  i.  and 
the  table  in  the  Appendix. 

VI.  During  the  solution  of  bodies  in  water,,  a  change  of  temfiera- 
ture  ensues  — In  most  instances,  an  absorption  of  caloric  (in  other 
words,  a  production  of  cold)  is  attendant  on  solution,  as  in  the  ex- 
amples given  in  chap.  iii.  sect.  2.  But,  in  other  cases,  caloric  is 
evolved,  or  heat  is  produced.  Thus,  common  salt  of  tartar,  during 
solution  in  water,  raises  the  temperature  of  its  solvent;  and  caustic 
potash,  in  a  state  of  dryness,  does  the  same  still  more  remarkably. 
Both  carbonated  and  pure  potash,  however,  when  crystallized,  ob- 
serve the  usual  law,  and  absorb  caloric  during  solution.  Now  a» 
their  difference,  in  the  crystallized  and  uncrystallized  state,  de- 
pends chiefly  on  their  containing  in  the  former,  but  not  in  the  lat- 
ter, water  chemically  combined,  we  may  infer,  that  the  cold,  pro- 
duced during  the  solution  of  salts,  is  occasioned  by  the  conversion 
of  the  water,  which  exists  in  these  bodies,  from  a  solid  to  a  liquid 
form. 

VII.  During  the  solutiou  of  salts  in  water,  a  quantity  of  air  is 
disengaged — This  air  was  partly  contained  mechanically  in  the 
salt,  and  partly  in  the  water.  That  it  does  not  arise  entirely  from 
the  former  source,  is  proved  by  varying  the  experiment  in  the  fol- 
lowing manner.  Let  an  ounce  or  two  of  sulphate  of  soda  be  put 
into  a  vial,  and  pour  on  this  as  much  water  as  will  completely  fill 
the  bottle.    The  air  contained  in  the  pores  of  the  salt  will  be  thus 
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disengaged ;  but  only  a  small  portion  of  the  salt  will  be  dissolved, 
agreeably  to  the  principle  laid  down,  chap.  ii.  7.  Let  the  vial  be 
shaken,  and  the  whole  of  the  salt  will  disappear;  a  fresh  portion  of 
air  being  liberated  during  solution.  The  air,  that  now  appears,  is 
extricated  from  the  water,  in  consequence  of  the  affinity  between 
the  water  and  the  salt  being  stronger  than  that  between  the  water 
and  the  air.     It  is,  therefore,  a  case  of  single  elective  affinity* 

VIII.  During  the  solution  of  bodies,  the  bulk  of  water  changes. — ■ 
Take  a  glass  globe,  furnished  with  a  long  narrow  neck,  (commonly 
termed  a  mattras,  see  fig.  4,)  and  put  into  it  an  ounce  or  two  of  sul- 
phate of  soda.  Then,  add  as  much  water  as  will  fill  the  globe, 
and  about  three  4ths  of  the  neck.  This  should  be  done  with  as 
little  agitation  as  possible,  in  order  that  the  salt  may  not  dissolve, 
till  required.  Mark,  by  tying  a  little  thread,  or  by  a  scratch  with 
a  file,  the  line  where  the  water  stands ;  and  then  agitute  the  mat- 
tras. The  salt  will  dissolve ;  air  will  be  set  at  liberty ;  and, 
during  the  solution,  the  water  will  sink  considerably  below  its  le- 
vel. The  contraction  of  bulk  is  owing  to  the  diminution  of  tem- 
perature; and,  when  the  water  has  regained  its  former  tempera- 
ture, it  will  also  be  found,  that  its  bulk  is  increased  by  the  addition 
of  salt.  The  Bishop  of  Landaff  observed,  that  water  exhibits  a  ma- 
nifest augmentation  of  bulk,  by  dissolving  only  the  two  thousandth 
part  of  its  weight  of  salt ;  a  fact  sufficiently  decisive  against  that 
theory,  which  supposes  pores  in  water  capable  of  receiving  saline 
bodies  without  an  augmentation  of  volume. 

IX.  Water  has  its  solvent  fioiver  increased,  by  ditninishing  the  fires- 
sure  of  the  atmosfihere . — Into  a  Florence  flask,  put  half  a  pound  of 
sulphate  of  soda ;  pour  on  it  barely  a  pint  of  water,  and  apply  heat 
so  as  to  boil  the  water.  The  whole  of  the  salt  will  be  dissolved. 
Boil  the  solution  for  several  minutes  pretty  strongly,  so  as  to  drive 
out  the  air;  and  cork  the  bottle  tightly,  immediately  on  its  removal 
from  the  fire.  To  prevent  more  completely  the  admission  of  air, 
tie  the  cork  over  with  bladder.  As  the  vessel  cools,  an  imperfect 
vacuum  will  be  formed  over  the  solution  ;  for  the  steam,  which 
arises  during  the  ebullition,  expels  the  air,  and  takes  its  place.  The 
steam  is  condensed  again,  when  the  vessel  cools.  The  solution, 
when  perfectly  cold,  may  be  shaken  without  any  effect  ensuing,  so 
long  as  the  vessel  is  kept  closely  stopped ;  but,  on  removing  the 
cork  and  shaking  the  vessel,  the  solution  will  immediately  con- 
geal, and  heat  will  be  produced.!  This  experiment,  besides  the 
principle  which  it  is  peculiarly  intended  to  illustrate,  exemplifies 
also  the  general  rule  laid  down,  chap.  iii.  sect.  2.  vi.  viz.  that  calo- 
ric is  always  evolved,  during  the  transition  of  bodies  from  a  fluid 

*  Does  not  the  above  fact  tend  to  corroborate  the  opinion  of  gases  being  re- 
tained in  water,  by  a  chemical,  and  not  a  mechanical  cause  ?  It  can  scarcely  be 
doubted,  if  the  air  above  mentioned  is  extricated  by  the  superior  affinity  of  the 
salt  to  the  water.    C. 

-j-  The  opinion  above  maintained  is  so  conclusively  overthrown  by  the  expe- 
riments 1  have  repeated  for  many  years  past  to  my  class,  on  this  very  subject, 
that  it  is  unnecessary  to  dwell  upon  it.  The  result  of  those  experiments  are 
detailed  in  the  6th  vol.  of  the  Annals  of  Philosophy,  p.  101,  to  which  the  reader 
is  referred.    C. 
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to  a  solid  state ;  and  it  furnishes  a  fact  exactly  the  reverse  of  that 
in  which  cold  is  produced,  or  caloric  absorbed,  during  the  solution 
of  salis. 

X.  It  is  unnecessary  to  add  anything  to  what  has  been  already 
said  in  a  lormer  section,  respecting  the  combination  of  caloric  with 
water  constituting  steam ;  or  to  the  history  of  the  phenomena  at- 
tending its  conversion  into  ice  ;  except  that,  during  the  latter 
change,  its  bulk  is  enlarged  in  the  proportion  of  nine  to  eight,  and 
that,  in  consequence  of  this  expansion,  water,  during  congelation, 
is  capable  of  bursting  the  strongest  iron  vessels  ;  and  becomes  spe- 
cifically lighter.  Hence,  ice  swims  always  on  the  surface  of  the 
water.* 

It  is  remarkable,  that  this  enlargement  of  the  bulk  of  water  be- 
gins long  before  its  temperature  has  descended  to  the  freezing 
point,  viz.  at  about  40°  Fahrenheit.  Let  a  thermometer  bulb,  and 
part  of  its  tube,  having  a  wide  bore,  be  filled  with  water,  tinged 
with  a  little  litmus,  which  may  be  introduced  by  the  same  means 
as  those  already  directed  for  filling  with  quicksilver.  Immerse  the 
thermometer  in  water  of  the  temperature  of  40° ;  and, "when  the 
included  water  may  be  supposed  to  have  attained  the  same  degree 
of  heat,  remove  the  instrument  successively  into  water  ol  the  tem- 
perature of  36°  and  32°.  At  each  immersion,  the  water  will  rise 
in  the  tube.  Bring  its  temperature  again  to  40°,  and  it  will  descend 
to  the  same  point  as  before.  Place  it  in  water  of  50°,  and  it  will 
again  be  expanded.  Precisely  similar  effects,  therefore,  appear  to 
result,  in  these  experiments, from  two  opposite  causes;  for  the  bulk 
of  water  is  alike  increased  by  reducing  or  raising  its  temperature. 
It  is  contended,  however,  by  Mr.  Dalton,  that,  in  the  apparent  ex- 
pansion by  a  lower  temperature,  there  is  a  deception,  arising  from 
the  contraction  of  the  glass,  which  must  lessen  the  cap?.city  of  the 
bulb,  and  force  the  water  up  the  stem.  The  question  is  not  yet 
decided;  and  is  still  contested  by  Mr.  Dalton  against  the  experi- 
ments of  Count  Rumford  and  of  Dr.  Hope.  The  former  philoso- 
pher now  contends,  that  water  is  of  the  greatest  density  at  36°  of 
Fahrenheit,  or  4°  above  its  freezing  point. f 

*  It  might  be  said,  that  ice  floats  on  the  surface  of  boiling  water  :  such  is  the 
extraordinary  expansion,  and  consequent  diminution  of  specific  gravity,  which 
it  undergoes.  It  may  admit  of  a  question,  whether  the  vessels  which  burst 
during  frost,  are  broken  by  the  conversion  of  the  water  into  ice.  lam  rather  dis- 
posed to  consider  the  effect  as  taking  place,  during  the  passage  of  the  water 
from  the  temperature  of  40  to  the  freezing  point :  for  it  is  generally  the  case,  I 
believe,  that  the  leaden  pipes  of  our  houses,  are  only  burst  in  one  small  point, 
around  which  the  metal  is  found  to  be  gradually  pushed  out,  so  as  to  be  at  the 
edge  of  the  opening  not  thicker  than  a  piece  of  paper ;  but  if  the  effect  result- 
ed during  the  conversion  of  the  water  into  ice;  as  this  is  more  extended  and 
immediate  in  its  change,  so  we  ought  to  expect  to  find  the  pipe  rent  throughout 
its  length.    C. 

-j-  The  experiments  in  favour  of  the  expansion  of  water  at  a  temperature  be- 
low 40°,  appear  to  me  to  be  too  strong,  to  permit  a  doubt  of  the  tact.  Some  late 
and  very  ingenious  experiments  on  this  subject  will  be  found  in  the  Annals  of 
Philosophy  for  May  last,  by  Mr.  G.  O.  Sym.  Although  perhaps  the  exact  point  of 
the  greatest  density  of  water,  is  not  perfectly  established  ;  vet,  whenever  we  are 
certified  of  this,  would  it  not  be  the  most  appropriate  degree  from  which  to  esti- 
mate the  specific  gravity  of  bodies  ?    C. 
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CHAPTER  VII. 

ON  THE  CHEMICAL  AGENCIES  OF   COMMON  AND  GALVANIC 
ELECTRICITY. 

THAT  branch  of  natural  science,  which  comprehends  the  phe- 
nomena of  Galvanism,  and  the  general  principles  under  which  they 
are  arranged,  is  only  ol  recent  origin.  It  was  not  till  the  year  1791, 
that  Galvani,  an  Italian  philosopher,  being  engaged  in  a  course  of 
experiments  on  animal  irritability,  observed  accidentally  the  con- 
tractions, which  are  excited  in  the  limbs  of  frogs,  by  applying  a 
conductor  of  electricity  between  a  nerve  and  a  muscle.  The  theo- 
ry which  he  framed  to  account  for  this  phenomenon  was,  that  the 
different  parts  of  an  animal  are  in  opposite  states  of  electricity,  and 
the  effect  ot  the  metal  is  merely  to  restore  the  equilibrium.  The  • 
analogy,  however,  was  afterwards  shown  to  be  without  foundation, 
by  VoUa,  who  excited  similar  contractions  by  making  a  connection 
between  two  parts  of  a  nerve,  between  two  muscles,  or  between  two 
parts  of  the  same  muscle  ;  but  to  produce  the  effect,  two  different 
metals  were  found  to  be  essential.  Hence  he  was  led  to  infer  that, 
by  the  contact  of  different  metals,  a  small  quantity  of  electricity  is 
excited  ;  and  to  the  agency  of  this  electricity,  first  upon  the  nerves, 
and  through  their  mediation  on  the  muscles,  he  ascribed  the  pheno- 
mena in  question. 

Several  years  elapsed,  during  which  the  action  of  galvanic  elec- 
tricity on  the  animal  body,  and  the  discussion  of  its  cause,  occupied 
the  attention  of  philosophers.  Early  in  1800,  the  subject  took  a 
new  turn  in  consequence  of  the  discovery  by  Signor  Volta  of  the 
Galvanic  Pile  ;*  a  discovery  which  has  furnished  us  with  new  and 
important  instruments  of  analysis,  capable,  if  any  such  there  are,  of 
leading  to  a  knowledge  of  the  true  elements  of  bodies.  From  this 
period,  discoveries  have  multiplied  with  a  rapidity  and  to  an  extent, 
which  surpass  any  thing  before  known  in  the  history  of  science  ; 
and  the  facts  are  now  become  so  numerous,  that  an  arrangement 
and  classification  of  them  seem  to  be  preferable  to  an  historical  detail 
in  the  order  of  time.  The  method,  which  appears  to  me  best  cal- 
culated to  give  a  distinct  view  of  the  subject,  is  to  describe, 

I.  The  construction  of  galvanic  apparatus,  and  the  circum- 
stances essential  to  the  excitement  of  this  modification  of  elec- 
tricity : 

II.  The  facts,  which  establish  its  identity  with  the  electricity  ex- 
cited by  ordinary  processes  : 

III.  The  agency  of  the  electric  or  galvanic  fluid  in  producing 
chemical  changes  : 

IV.  The  theory,  by  which  these  changes,  in  the  present  state  of 
our  knowledge,  are  best  explained  :  And 

*  Philosophical  Transactions,  1800,  or  Philosophical  Magazine,  vii.  289. 
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V.  The   hypotheses,  which  have  been  framed  to  accdunt  for  the 
origin  of  the  electricity,  excited  by  galvanic  arrangements. 


SECTION  I. 

Of  the  Construction  of  Galvanic  Arrangements. 

For  the  execution  of  ordinary  electricity,it  is  well  known  thata  class 
of  substances  are  required,  called  electrics,  by  the  friction  of  which 
the  electric  fluid  is  accumulated,  and  from  which  it  may  be  collect- 
ed by  a  different  class  of  bodies,  termed  non-electrics  or  conduc- 
tors. When  friction,  for  example,  is  applied  to  the  glass  cylinder 
or  plate  of  an  electrical  machine,  that  part  of  the  glass,  which  is  in 
contact  with  the  rubber,  attracts  the  electric  fluid  from  it,  as  well 
as  from  all  other  conducting  bodies,  with  which  the  rubber  is  con- 
nected. The  glass  regaining  instantly  its  natural  state,  repels  the 
electric  fluid,  which  is  received  by  the  prime  conductor,  placed  for 
that  purpose.  All  then  that  is  effected,  by  the  action  of  the  ma- 
chine, is  a  disturbance  of  the  natural  quantity  of  electricity  in  bo- 
dies, or  a  transfer  of  it  from  some  to  others,  in  consequence  of 
which,  while  the  latter  acquire  a  redundance,  the  former  become 
proportionally  deficient  in  their  quantity  of  electricity. 

The  conditions  necessary  to  the  excitement  of  galvanic  electri- 
city are  altogether  different  ;  for  the  class  of  bodies,  termed  elec- 
trics, have  now  no  longer  any  share  in  the  phenomena.  All  that  is 
required  is  the  simple  contact  of  different  conducting  bodies  with 
each  other.  Conductors  of  electricity  have  been  divided  into  fier~ 
feet  and  imfierfect,  the  former  comprehending  the  metals,  plum- 
bago and  charcoal,  the  mineral  acids,  and  saline  solutions  ;  the  lat- 
ter, or  imperfect,  alcohol  and  ether,  sulphur,  oils,  resins,  metallic 
oxides,  and  compounds  of  chlorine. 

The  least  complicated  galvanic  arrangement  is  termed  a  simple 
galvanic  circle.  It  consists  of  three  conductors,  two  of  which 
must  be  of  the  one  class,  and  one  of  the  other  class.  In  the  follow- 
ing Tables,  constructed  by  Sir  H.  Davy,  some  different  simple  cir- 
cles are  arranged  in  the  order  of  their  powers,  the  most  energetic 
occupying  the  highest  place. 

Table  of  some  Electrical  Arrangements,  which  by  combination 
form  Voltaic  Batteries,  composed  of  two  Conductors  and  one  imper- 
fect Conductor. 


Zinc, 

Iron, 

Tin, 

Each  of  these  is  the  positive 

Solutions  of  nitric  acid, 

Lend, 

pole  to  all  the  metals  be- 

of muriatic  acid, 

Copper, 

low  it,  and  negative  with 

of  sulphuric  acid, 

Silver, 

respect  to  the  metals  above 

of  sal  ammoniac, 

Cold, 

it  in  the  column. 

of  nitre, 

Platina, 

• 

other  neutral  salts. 

Charcoal. 
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Table  of  some  Electrical  Arrangements,  consisting  of  one  Conductor 
and  imfierfect  Conductors. 


Copper, 

■-ilver, 

Nitric  acid, 

Solution  oftsulphur  and  potash, 

Lead, 

Sulphuric  acid, 

of  potash, 

Tin, 

Muriatic  acid, 

of  soda. 

Zinc, 

Any  solutions  con. 

Other  Metals, 

taining  acid. 

Charcoal. 

In  explanation  of  these  Tables,  Sir  H.  Davy  observes,  that  in  all 
cases  when  the  fluid  menstrua  afford  oxygen,  those  metals  which 
-have  the  strongest  attraction  lor  oxygen,  are  those  which  form 
the  positive  pole-  But  when  the  fluid  menstrua  afford  sulphur  to 
the  metals,  the  metal  which,  under  the  existing  circumstances,  has 
the  strongest  attraction  for  stliphur,  determines  the  positive  pole. 
Thus,  in  a  series  of  copper  and  iron  plates,  introduced  into  a  por- 
celain trough,  the  cells  of  which  are  filled  with  water  or  with  acid 
solutions,  the  iron  is  positive  and  the  copper  negative  ;  but  when 
the  cells  are  filled  with  solution  of  sulphuret  of  potash,  the  copper 
is  positive  and  the  iron  negative.  When  one  metal  only  is  con- 
cerned, the  surface  opposite  the  acid  is  negative,  and  that  in  con- 
tact with  solution  of  alkali  and  sulphur,  or  of  alkali,  is  negative.* 

The  powers  of  simple  galvanic  circles  are  but  feeble  ;  but  thejr 
may  be  made  sufficiently  apparent  by  the  following  experiments. 

1.  When  a  piece  of  zinc  is  laid  upon  the  tongue,  and  a  piece  of 
silver  under  it,  no  sensation  is  excited,  so  long  as  the  metals  are 
kept  apart;  but,  on  bringing  them  into  contact,  a  metallic  taste  is 
distinctly  perceived.  In  this  case  we  have  an  example  of  the  ar- 
rangement of  two  perfect  conductors  (the  metais)  with  one  imper- 
fect one  (the  tongue,  or  rather  the  fluids  which  it  contains).  The 
metallic  taste  arises,  in  all  probability,  from  the  excitement  of  a 
small  quantity  of  electricity  by  the  contact  of  the  metals,  and  its  ac- 
tion on  the  nerves  of  the  tongue. f 

2.  A  piece  of  zinc,  immersed  under  water  which  is  freely  ex- 
posed to  the  atmosphere,  oxidizes  very  slowly  ;  but  when  placed  in 
the  same  situation,  in  contact  with  a  piece  of  silver,  its  oxidation 
is  much  more  rapid.  Bv  immersing  iron  and  silver  (also  in  con- 
tact with  each  other)  under  diluted  muriatic  acid,  the  action  of  the 
acid  upon  the  iron  is  considerably  increase!;  and  hydrogen  gas  is 
evolved  from  the  water,  not  only  where  it  is  in  contact  with  the  iron, 
but  where  it  touches  the  silver.  These  facts  explain,  why,  in  the 
sheathing  of  ships,  it  is  necessary  to  use  bolts  of  the  same  metal 
which  forms  the  plates;   for  if  two  different   metals  be  employed, 


•El.ofChem.Phil.  p.  148 

f  It  rather  depends,  1  should  apprehend,  orf  the  small  quantity  ofoxyd  for 
ed,  winch  being  soluble  in  the  saliva,  imparts  the  metallic  taste  of  the  so 
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they  both  oxidate  or  rust  very  speedily,  in  consequence  of  their 
forming  with  the  water  of  the  ocean,  a  simple  galvanic  circle.* 

Of  compound  Galvanic  Circles  or  Batteries. 

Galvanic  batteries  are  formed  by  multiplying  those  arrangements, 
which  compose  simple  circles.  Thus  if  plates  of  zinc  and  of  silver, 
and  pieces  of  woollen  cloth  of  the  same  size  as  the  plates  and 
moistened  with  water,  be  piled  upon  each  other  (fig.  77,  pi  ix),in 
the  order  of  zinc,  silver,  cloth ;  zinc,  silver,  cloth  ;  and  so  on,  for 
twenty  or  more  repetitions,  we  obtain  a  galvanic  battery  termed, 
from  its  discoverer,  the  Pile  of  Volta.  The  power  of  such  a  com- 
bination is  sufficient  to  give  a  smart  shock,  as  may  be  felt  by  grasp- 
ing in  the  hands,  which  should  be  previously  moistened,  two  me- 
tallic rods,  and  touching  with  these  the  upper  and  lower  extremi- 
ties of  the  pile.  The  shock  may  be  renewed  at  pleasure ;  until, 
after  a  few  hours,  the  activity  of  the  pile  begins  to  abate,  and  final- 
ly ceases  altogether. 

The  metals,  composing  a  galvanic  battery,  may  be  more  conve- 
niently arranged  in  the  form  of  a  trough,  a  happy  invention  of  Mr. 
Cruickshank.  In  a  long  and  narrow  wooden  trough,  made  of  baked 
wood,  grooves  are  cut,  opposite  to  and  at  the  distance  of  between 
•J  and  £  of  an  inch  from  each  other;  and  into  these  are  let  down, 
and  secured  by  cement,  square  plates  of  zinc  and  copper,  previous- 
ly united  together  by  soldering.  (See  figs.  37  and  78.)  The 
space,  therefore,  between  each  pair  of  plutes,  forms  a  ceil  for  the 
purpose  of  containing  the  liquid,  by  which  the  combination  is  to 
be  made  active.  The  advantage  of  this  contrivance,  over  the  pile, 
is  partly  that  it  is  much  more  easily  put  in  order  ;  but,  besides  this, 
it  is  a  more  efficient  instrument.  When  constructed  in  the  way 
which  has  been  described,  it  affords  an  example  of  a  galvanic  com- 
bination of  the  first  kind,  formed  by  two  perfect  and  one  imper- 
fect conductor.  But  it  admits  of  being  modified,  by  cementing, 
into  the  grooves,  plates  of  one  metal  only,  and  filling  the  cells,  al-, 
ternately,  with  two  different  liquids,  as  diluted  nitric  acid  and  so- 
lution of  sulphuret  of  potash.  In  this  case,  we  have  a  battery  of 
the  second  order,  formed  by  the  repetition  of  one  perfect  and  two 
imperfect  conductors.  For  all  purposes  of  experiment,  the  first 
kind  of  arrangement  is  universally  preferred. 

Another  modification  of  the  apparatus,  which  may  be  called  the. 
Chain  of  Cufis,  was  proposed  by  Volta  at  the  same  time  that  he 
communicated  his  invention  of  the  Pile;  and  from  the  recent  ex- 


*  The  same  explanation  will  probably  account  for  the  deterioration  of  watches 
ami  time  piece*,  the  pivots  of  whose  wheels,  lubricated  with  oil,  play  in  sockets 
of  another  me»alj — hence  then  all  the  requisites  of  galvanic  action  are  present; 
and  an  oxydation  of  the  most  oXydable  must  ensue.  This  can  only  be  remedied, 
bj  causing  the  pivots  of  the  wheels  to  play  in  sockets  of  the  same  metal :  Hence 
probably  the  superiority  of  such  watches,  whose  pivots  play  in  rubies,  Sic. 
where  galvanic  actio*  does  not  take  place,  rather  than  from  any  greater  excel- 
lence in  point  of  workmanship. C. 
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periments  of  Mr.  Children,*  it  appears  to  be  a  very  useful  and 
powerful  one.  It  consists  of  a  row  of  glasses  (see  fig.  75),  such 
as  wine  glasses  or  small  tumblers,  lor  ihe  purpose  of  containing 
any  fluid  that  may  be  selected.  Into  each  of  these  glasses  is 
plunged  a  plate  of  zinc  and  another  of  copper,  each  not  less  than 
an  im  h  square,  which  are  not  to  touch  each  other.  The  plates  of 
different  cups  are  connected  by  metallic  wires  or  arcs,  in  such  a 
maimer  that  the  zinc  of  the  first  cup  communicates  with  the  cop- 
per of  the  second ;  the  zinc  of  the  second  with  the  copper 
of  the  third  ;  and  so  on  through  the  whole  row.  The  shock 
is  felt  on  dipping  the  fingers  of  one  hand  into  the  fluid  of  the  first 
cup,  and  those  of  the  other  hand  into  the  last  of  the  series.  The 
superiority  of  this  arrangement  consists  in  both  surfaces  of  each 
metallic  plate  being  exposed  to  the  action  of  the  liquid  ;  whereas, 
by  soldering  the  plates  together,  one  of  the  surfaces  of  each  is  pro- 
tected from  the  liquid,  and  contributes  nothing  to  the  effect.  The 
common  trough  has  lately  been  made  to  combine  this  advantage, 
by  dividing  it  into  cells,  not  by  plates  of  metal  but  by  partitions  of 
glass.  Into  each  of  these  cells,  filled  with  the  proper  liquid,  a 
plate  of  each  metal  is  introduced,  but  not  so  as  to  touch  each 
Other.  A  communication  is  then  made,  by  a  metallic  arc,  between 
the  zinc  plate  of  each  cell  and  the  copper  one  of  the  next,  precise- 
ly as  in  the  chain  of  cups.  More  lately  the  troughs  themselves 
have  been  made  of  earthen  ware,  and  the  partitions  of  the  same 
material;  the  apparatus  being  completed,  in  other  respects, in  the 
manner  already  described. 

The  size  of  the  plates  has  been  varied  from  one  or  two  inches 
to  several  feet.  For  ordinary  purposes,  plates  of  two  inches 
square  are  sufficient;  but  for  the  repetition  of  Mr.  Davy's  expe- 
riments, not  less  than  100  pairs  of  plates,  each  four  inches  square, 
are  required. f  The  enlargement  of  the  size  of  the  troughs,  so 
as  to  contain  this  number,  would  be  extremely  inconvenient;  and 
\vc  may  therefore  combine  the  power  of  several  troughs,  by  uniting 
■the  zinc  end  of  the  one  with  the  copper  end  of  the  other,  by  the 
intervention  of  a  metallic  wire,  or  by  an  arc  of  silver  or  zinc. 

It  may  be  sufficient  to  add,  in  general  terms,  that  every  combi- 
nation, which  is  capable  of  forming  a  simple  galvanic  circle,  may, 
by  sufficient  repetition,  be  made  to  compose  a*"  battery.  The  com- 
binations, also,  which  are  most  active  in  simple  circles,  are  observed 
to  be  most  efficient  in  compound  ones.  The  foregoing  tables  of 
Mr.  Davy  express,  therefore,  the  powers  of  compound  as  well  as 
of  simple  arrangements. 

To  construct  a  battery  of  the  first  order,  it  is  essential  that  a 
fluid  be  employed,  which  exerts  a  chemical  action  upon  one  of  the 
metals.  Pure  water,  entirely  deprived  of  air,  appears  to  be  ineffi- 
cient. In  general,  indeed,  the  galvanic  effect  is,  within  certain 
limits,  proportional  to  the  rapidity  with   which  the  more  oxidable 

*  Philosophical  Transactions,  1809,  page  32. 

f  Some  useful  information  respecting  the  number  and  size  of  plates  adanted 
to  different  purposes,  is  given  by  Mr.  Singer  in  Nicholson's  Journal  'vol  xxiv. 
page  174,  ' 
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metal  is  acted  upon  by  the  intervening  fluid.  The  fluid  generally 
used  is  nitric  acid,  diluted  with  20  or  30  times  its  weight  of  water. 
Mr.  Children  recommends  a  mixture  of  three  parts  fuming  nitrous 
acid,  and  one  sulphuric,  diluted  with  thirty  parts  of  water.  Direc- 
tions, also,  respecting  the  best  kind  and  density  of  acids,  for  pro- 
ducing galvanic  electricity,  are  given  by  Mr.  Singer.  From  his 
experiments  it  appears,  that  acid  of  different  densities  is  required 
for  different  purposes.  The  best  wire  melting  charge  is  formed 
with  10  gallons  of  water,  five  pounds  of  nitric  acid,  and  half  a 
pound  of  muriatic  acid. 

The  power  of  the  apparatus  has  been  found  to  be  increased, 
when  insulated  by  non-conductors  ;  and  when  surrounded  by  an  at- 
mosphere of  oxygen  gas  ;  not  sufficiently,  however,  to  make  it  ne- 
cessary to  resort  to  either  of  these  expedients  in  ordinary  cases. 
Oxygen  gas  disappears  in  this  process,  when  carried  on  under  a 
receiver;  and,  after  all  the  oxygen  is  absorbed,  the  effect  ceases, 
and  is  renewed  by  introducing  a  fresh  portion.*  When  the  cells 
are  filled  with  diluted  nitric  acid,  the  apparatus  continues  active, 
even  under  the  exhausted  receiver  of  an  air-pump,  or  in  an  atmo- 
sphere of  carbonic  acid  or  nitrogen  gases.  But  if  the  cells  be 
filled  with  water  only,  all  action  is  suspended,  by  placing  it  under 
any  of  these  circumstances.  Hence  it  appears  that  the  oxidation 
of  one  or  both  of  the  metals,  composing  the  trough,  is  essential  to 
the  excitement  of  galvanic  electricity. 


SECTION  II. 

On  the  mutual  Relation  of  Electricity  and  Galvanism. 

Is  the  influence,  it  may  now  be  inquired,  which  is  called  into  ac- 
tion in  a  way  so  different  from  that  employed  for  the  excitation  of 
ordinary  electricity,  identical  with  it  or  of  a  different  kind  ?  This 
question  will  be  decided  by  examining  whether  any  of  those  phe- 
nomena, which  are  occasioned  by  the  agency  of  the  electric  fluid, 
are  produced  also  by  that  of  galvanism;  and  we  shall  find  the  fol- 
lowing striking  resemblances. 

I.  The  sensation,  produced  by  the  galvanic  shock,  is  extremely 
similar  to  that  which  is  excited  by  the  discharge  of  a  Leyden  jar. 
Both  influences,  also,  are  propagated  through  a  number  of  persons, 
without  any  perceptible  interval  of  time 

2.  Those  bodies,  which  are  conductors  of  electricity,  are  also 
conductors  of  the  galvanic  fluid,  as  the  metals,  charcoal,  and  a  va- 
riety of  liquids.  Again,  it  is  not  transmitted  by  glass,  sulphur,  and 
the  whole  class  of  electrics,  which  do  not  convey  ordinary  electrici- 

*  Hence  it  happens  that  a  small  Voltaic  pile,  under  a  large  tumbler  or  bell 
glass,  standing  in  water  will  serve  as  a  very  good  eudiometer.  The  water 
rises  in  the  glass  as  the  oxygen  is  removed.  The  process  is  however  too  slow 
for  common  employment. — >-C. 
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ty.  Among  liquids,  those  only  are  conductors  of  electricity  and  gal- 
vanism, which  contain  oxygen  as  one  of  their  elements* 

3.  The  galvanic  fluid  passes  through  air  and  certain  other  non- 
conductors, in  the  form  of  sparks  ;  accompanied  with  a  snap  or  re- 
port; and,  tike  the  electric  fluid,  it  may  be  made  to  inflame  gun- 
powder, phosphorus,  and  mixtures  of  hydrogen  and  oxygen  gases, 
It  has  lately  been  found,  also,  by  Mr.  Children,  that  in  the  Voltaic 
appax-atus  there  is,  what  is  called  in  electricity,  a  striking  distance. 
With  a  power  of  1250  pairs  of  tour  inch  plates,  he  found  this  dis- 
tance to  be  one  50th  of  an  inch,  the  thickness  of  a  plate  of  air, 
through  which  the  galvanic  discharge  is  able  to  pass  in  the  form 
of  a  spark.  Increasing  the  number  of  plates,  the  striking  dis- 
tance will  be  greater ;  and  the  reverse  when  it  is  diminished.  It 
is  also  increased  by  rarefying  the  air,  through  which  the  spark  is 
transmitted. 

4.  The  Voltaic  apparatus  is  capable  of  communicating  a  charge 
to  a  Leyden  jar,  or  even  to  a  battery.  If  the  zinc  end  of  a  pile 
(whether  it  be  uppermost  or  the  contrary)  be  made  to  communi- 
cate with  the  inside  of  a  jar,  it  is  charged  positively.  If  circum- 
stances be  reversed,  and  the  copper  end  be  similarly  connected,  the 
jar  is  charged  negatively. t  The  shocks  do  not  differ  from  those 
of  a  jar  or  battery,  charged  to  the  same  intensity  by  a  common 
electrical  machine. 

5.  Galvanism,  even  when  excited  by  a  single  galvanic  circle  only 
(such  as  a  piece  of  zinc,  a  similar  one  of  copper,  and  a  piece  of 
cloth  moistened  with  a  solution  of  muriate  of  ammonia),  distinctly 
affects  the  gold  leaf  of  the  condensing  electrometer.  If  the  zinc 
end  be  uppermost,  and  be  connected  directly  with  the  instrument, 
the  electricity  indicated  is  positive  ;  if  the  pin  of  the  electrome- 
ter touch  the  copper,  the  electricity  is  negative.  A  pile  con- 
sisting of  sixty  combinations  produces  the  effect  still  more  re- 
markably.}: 

6.  The  chemical  chanares  produced  by  galvanic  and  common 
electricity,  so  far  as  they  have  hitherto  been  examined,  are 
precisely  similar.  These  will  form  the  subject  of  the  following 
section. 


SECTION  III. 

On  the  Chemical  Agencies  of  Electricity  and  Galvanism. 

The  effects  of  the  electric  or  galvanic  fluids,  in  producing  che- 
mical decomposition,  cannot  be  described,  without  introducing  to 
the  reader  the  names  of  several  substances,  with  which,  in  the  pre- 

*  Cruickshank,  in  Nicholson's  4to.  Journal,  iv.  258. 

f  Cnthbertson's  Practical  Electricity  and  Galvanism,  page  261.  Volta, 
in  Nicholson's  Journal,  8vo.  i.  140.  Van  Marum,  in  Philosophical  Magazine, 
Xii.  162. 

%  Nicholson,  8vo.  i.  139,  and  ii.  281 ;  Cuthbertson,  page  264. 
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sent  state  of  his  knowledge,  he  may  be  supposed  to  be  unacquaint- 
ed. This  difficulty  is  unavoidable ;  for  it  is  impossible  to  explain 
the  general  laws  of  electro-chemical  action,  withouc  a  variety  of 
particular  instances.  In  general,  however,  it  will  be  found  that  a 
minute  acquaintance  with  the  bodies,  which  are  brought  in  illus- 
tration, is  by  no  means  essential ;  and  that  it  is  sufficient  to  consider 
them  as  composed  simply  of  two  ingredients,  vvnich  are  in  opposite 
electrical  states,  and  are  subject  to  the  laws  of  electrical  attraction 
and  repulsion. 

The  most  simple  chemical  effect,  produced  alike  by  the  agency 
of  electricity  and  galvanism,  is  the  ignition  and  fusion  of  metals. 
When  a  piece  of  watch-pendulum  wire  is  placed  in  the  circuit  of  a 
common  electrical  battery,  containing  not  less  than  three  or  four 
square  feet  of  coating,  at  the  moment  of  the  discharge  the  wire  be- 
comes red-hot;  but  continues  so  only  for  a  few  seconds,  no  longer, 
indeed,  than  if  it  had  been  ignited  in  any  other  way.*  The  same  ef- 
fect may  be  produced  by  making  a  piece  of  wire  the  medium  of 
communication  between  the  opposite  extremities  of  a  galvanic 
trough  ;  but,  in  this  case,  the  heat  continues  sensibly  longer,  than 
when  it  is  excited  by  an  electrical  explosion.  Indeed  a  platina  wire 
may  be  kept  ignited  in  vacuo,  for  an  unlimited  time,  by  Voltaic 
electricity. f  Water,  surrounding  a  wire  so  placed,  may  be  made 
to  boil  briskly. 

When  the  power  of  an  electrical  battery  is  increased,  metallic 
wires,  by  transmitting  the  discharge  through  them,  may  be  melt- 
ed and  dispersed  in  the  form  of  smoke,  or  of  an  impalpable  pow- 
der lighter  than  air.  The  galvanic  discharge,  also,  is  capable  of 
fusing  metallic  wires ;  but  being  less  violent,  it  does  not  scatter 
their  particles  to  a  distance.  Even  wire  from  the  most  infusible 
of  the  metals,  platina,  acquires  a  white  heat,  and  melts  into  glo- 
bules. 

With  a  still  more  powerful  electrical  battery  (one  for  example 
containing  about  18  square  feet)  metallic  wires  are  not  only  melted, 
but  undergo  absolute  combustion.  Lead  and  tin  wire  emit  a  yel- 
low light,  and  copper  and  silver  a  green  one.  If  the  experiment 
be  made  on  wire  confined  in  a  glass  receiver,  which  contains  a 
measured  quantity  of  air,  the  bulk  of  the  air,  and  its  proportion  of 
oxygen,  are  both  found  to  be  diminished.}:  The  metals  are  con- 
verted into  oxides  of  different  colours  ;  lead,  tin,  and  zinc,  into  white 
oxides  ;  platina,  gold,  silver,  and  copper,  into  oxides  of  a  dark  co- 
lour. The  experiment  may  be  pleasingly  varied  by  passing  the 
discharge  through  wires,  stretched  over  panes  of  glass  or  sheets 
of  paper,  at  a  small  distance  from  their  surface!  The  metallic 
oxide  which  is  produced  is  forcibly  driven  into  the  glass  or  paper  ; 


*  On  the  quantity  of  coated  surface  required  for  igniting  different  lengths  0f 
wire,  tlie  reader  may  consult  Mr.  Cuthbertson's  hook,  pa.^e  161,  fkc. 

f  From  whence  are  vve  to  derive  the  heat  and  light  apparent  in  this  case,  by 
am  theory  of  combustion  or  ignition  hitherto  promulgated  >     C 

i  Cuthbertson,  page  199 
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and  produces  beautiful  figures,  varying  in  colour  with  the  metal  em- 
ployed.* 

The  combustion  of  metals  may  be  effected,  also,  by  galvanic 
electricity  ;  but  for  this  purpose  the  form  of  very  thin  leaves  is  pre- 
ferable to  that  of  wire.  The  plates,  composing  the  galvanic  trough, 
should,  lor  this  purpose,  be  not  less  than  four  inches  square,  the 
larger,  indeed,  the  better;  and  several  troughs  should  be  joined 
together,  so  as  to  form  an  aggregate  of  not  less  than  100  or  15Q 
pairs  of  plates.  The  galvanic  influence  is  to  be  conveyed  by  wires 
brought  from  each  extremity  of  the  arrangement,  and  placed  in 
contact  with  the  opposite  surfaces  of  the  leaf.  For  the  protection 
of  the  fingers,  the  wires  should  be  inclosed  in  glass  tubes.  When 
thus  exposed,  the  metals  burn,  or  rather  deflagrate,  with  great 
brilliancy. 

Golds  emits  a  very  vivid  white  light,  inclining  a  little  to  blue, 
and  leaves  an  oxide,  whose  colour  verges  towards  that  of  mahogany. 
Copper  presents  similar  phenomena. 

The  flame  of  silver  is  a  vivid  green,  somewhat  like  that  of  a  pale 
emerald,  and  the  light  is  more  intense  than  that  of  gold.  Lead 
gives  a  vivid  light  of  a  dilute  blueish  purple.  Tin  a  light  similar 
to  that  of  gold;  and  zinc  a  blueish  white  flame  fringed  with  I'ed.f 
In  all  these  cases,  provided  the  power  be  sufficiently  strong,  the 
deflagration  is  kept  up,  for  some  time,  without  intermission. 

But  a  much  more  remarkable  action  is  exerted  by  the  electric 
and  galvanic  fluids,  in  disuniting  the  elements  of  several  combina- 
tions. One  of  the  first  discoveries  of  the  chemical  agency  of  the 
pile  was  its  power  of  decomposing  water.  Two  pieces  of  any  me- 
tallic wire  are  thrust  through  separate  corks,  which  are  fitted  into 
the  open  ends  of  a  glass  tube  in  such  a  way,  that  the  extremities  of 
the  wires,  when  the  corks  are  in  their  places,  may  not  be  in  con- 
tact, but  may  be  at  the  distance  from  each  other  of  about  a  quarter 
of  an  inch  (see  fig.  77,  a).  If  the  parts  of  the  wire,  which  project 
from  without  the  tube,  be  made  to  communicate,  the  one  with  the 
zinc  or  positive  end,  and  the  other  with  the  copper  or  negative  end, 
of  a  galvanic  battery,  a  remarkable  appearance  takes  place.  The 
wire,  connected  with  the  zinc  or  positive  end  of  the  pile  or  trough, 
where  it  is  in  contact  with  the  water,  if  of  an  oxidable  metal,  is  ra- 
pidly oxidized;  while  from  the  negative  wire  a  stream  of  small 
bubbles  of  gas  arises.  But  if  the  wires  employed  be  of  a  metal, 
which  is  not  susceptible  of  oxidation,  such  as  gold  or  platina,  gas  is 
then  extricated  from  both  wires,  and,  by  a  simple  contrivance,  may 
be  separately  collected.  The  apparatus  for  this  purpose  is  shown 
by  fig.  76,  where  the  wires  ji  and  n,  instead  of  being  introduced  into 
a  straight  tube,  are  inclosed  in  a  syphon,  and  terminate  before  they 
reach  the  end,  in  which  a  small  hole  is  to  be  ground.  When  a 
stream  of  galvanic  electricity  is  made  to  act  upon  water  thus  con- 

*  Cuthbertson,  page  226,  and  Wilkinson's  Elements  of  Galvanism,  in  the  9tk 
plate  of  which  these  appearances  are  represented, 
f  Philosophical  Magazine,  xi.  284,  and  xv.  96. 
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fined,  oxygen  gas  is  found,  at  the  close  of  the  experiment,  in  the  leg 
connected  with  the  positive  end  of  the  battery,  and  hydrogen  gas 
in  that  connected  with  the  negative  end;  and  in  the  proportions 
which,  by  their  union,  compose  water.  At  an  early  period  of  the 
inquiry,  it  was  found,  however,  by  Mr  Cruickshank,  that  the  water 
surrounding  the  positive  wire  became  impregnated  with  a  little 
acid  ;  and  that  around  the  negative  wire  whh  a  lit  tie  alkali.  If  in- 
stead of  water,  we  employ  a  metallic  solution,  the  metal  is  revived 
round  the  negative  wire  w,and  no  hydrogen  gas  is  liberated. 

The  gases  constituting  water,  it  was  afterwards  discovered  by 
Sir  H.  Davy,  may  be  separately  produced  from  two  quantities  of 
water,  not  immediately  in  contact  with  each  other.  The  fact  is  of 
peculiar  importance,  from  its  resemblance  to  other  more  recent 
ones,  which  have  led  that  distinguished  philosopher  to  the  discove- 
ry of  the  general  laws  of  electro-chemical  action.  Two  glass  tubes 
(/j  and  n,  pi.  ix.  fig.  79),  about  one  third  of  an  inch  diameter  and 
four  inches  long,  having  each  a  piece  of  gold  wire  sealed  hermeti- 
cally into  one  end  and  the  other  end  open,  were  filled  with  distilled 
water,  and  placed  inverted  in  separate  glasses,  filled,  also,  with  that 
fluid.  The  two  glasses,  a  and  6,  were  made  to  communicate, 
either  by  dipping  the  fingers  of  the  right  hand  into  one  glass,  and 
those  of  the  left  into  the  other,  or  by  interposing  fresh  animal  mus- 
cle, or  a  living  vegetable,  or  even  moistened  thread,  as  shown  at  c. 
The  gold  wires,  projecting  from  the  sealed  ends  of  these  tubes, 
were  then  connected,  the  one  with  the  positive,  the  other  with  the 
negative  end  of  the  trough.  Gas  was  immediately  evolved  from 
both  wires.  At  the  close  of  the  experiment,  in  the  tube  fi  oxygen 
gas  was  found  ;  in  the  negative  tube  n  hydrogen.  The  proportions 
by  measure  were,  as  nearly  as  possible,  those  which  result  from  the 
decomposition  of  water,  viz.  two  of  hydrogen  to  one  of  oxygen 
gas.*  Now  if  these  gases  arose,  as  they  necessarily  must,  from  the 
decomposition  of  the  same  portion  of  water,  that  portion  of  water 
must  have  been  contained  either  in  the  tube/;  or  in  the  tubew.  In  the 
former  case,  the  hydrogen  gas,  found  after  the  process  in  w,  must 
have  passed  invisibly  from  fi  to  n,  through  the  intermediate  sub- 
stance c.  Or,  if  the  water  was  decomposed  in  n,  then  the  reverse 
process  must  have  happened  with  respect  to  the  oxygen  ;  and  it 
must  have  been  transmitted,  in  a  like  imperceptible  manner,  from 
n  to  fi.  Facts  of  this  kind,  evincing  the  transference  of  the  ele- 
ments of  a  combination  to  a  considerable  distance,  through  inter- 
vening substances,  and  in  a  form  that  escapes  the  cognizance  of 
our  senses,  however  astonishing,  it  will  appear  from  the  sequel,  are 
sufficiently  numerous  and  well  established. 

Different  chemical  compounds  require,  for  the  disunion  of  their 
elements,  galvanic  arrangements  of  various  powers  and  intensities. 
The  decomposition  of  water  is  easily  effected  by  a  series  of  fifty 
pairs  of  plates,  each  one  or  two  inches  square. t  But  for  those  which 

*  Nicholson's  Journal,  4to.  iv.  276. 

f  An  infinitely  less  power  than  this  is  sufficient,  although  the  effect  is  pro- 
portionally small.  I  have  frequently  decomposed  water  with  six  or  eight  plates, 
of  only  about  one  square  inch.    C, 

s 
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remain  to  be  described,  instruments  of  much  greater  power  are  ne- 
cessary. 

The  apparatus,  employed  in  the  masterly  experiments  of  Sir  H. 
Davy,  which  have  laid  the  groundwork  of  this  new  held  of  science, 
was  extremely  simple.  In  cases,  where  liquid  substances  were 
operated  upon,  he  employed  occasionally  the  agate  cups  }i  and  n, 
fig.  80,  each  of  which  was  capable  of  holding  about  sixty  grains  of 
water.  They  were  connected  together,  as  shown  in  the  figure  at  a, 
by  the  fibres  of  a  peculiar  flexible  mineral  called  amianthus;  and 
into  each  was  inserted  a  platina  wire;  the  bent  extremity  of  which 
is  seen,  in  each  figure,  projecting  above  the  cup.  When  the  ves- 
sels were  in  actual  use,  the  wire  of  ft  was  connected  with  the  zinc  or 
positive  end  of  a  powerful  galvanic  series  ;  and  that  of  n  with  the 
copper  or  negative  extremity.  For  the  agate  cups  two  hollow  gold 
cones  were  occasionally  substituted  (ft  and  n,  fig.  81),  the  wire  pro- 
jecting from  fi  being  connected  with  the  positive,  and  that  ivomn 
with  the  negative  end  of  a  trough  or  series  of  troughs.  Solid  bo- 
dies were  submitted  to  the  galvanic  influence,  either  by  immersing 
small  pieces  of  them  in  the  gold  cones;  or,  at  other  times,  by  mak- 
ing the  cups  themselves  of  the  substance  intended  to  be  decompos- 
ed. Or  if  it  was  desirable  to  preserve  them  from  contact  with  wa- 
ter, they  were  laid  on  a  small  insulated  dish  of  platina,  with  the  in- 
ferior surface  of  which,  immediately  under  the  substance  used,  a 
\vire  from  one  end  of  the  battery  was  connected,  while  the  substance 
itself  was  made  to  communicate  by  another  wire,  with  the  opposite 
extremity  of  the  apparatus. 

When  the  gold  cones  were  both  filled  with  a  solution  of  sulphate 
of  potash  (a  salt  composed  of  potash  and  sulphuric  acid),  alter  ex- 
posure, during  a  sufficient  time,  to  a  powerful  galvanic  arrange- 
ment, pure  potash  was  found  in  the  negative  cone  «,  and  sulphuric 
acid  in  the  positive  cone  p..  The  decomposition  was  even  quite 
complete  ;  for  the  liquid  in  n  contained  no  acid,  and  that  in  p.  no  al- 
kali. 

The  experiment  was  repeated  with  several  other  neutral  salts;* 
and  with  the  invariable  result,  that  the  acid  collected  in  the  positive 
cone,  and  the  alkali  in  the  negative  one.  Strong  solutions,  or  those 
in  which  the  salt  bore  a  considerable  proportion  to  the  water,  were 
more  rapidly  acted  upon  than  weak  ones.  Metallic  salts  were,  also, 
decomposed.  The  acid  appeared,  as  before,  in  the  positive  cone, 
and  the  metal  was  deposited,  sometimes  with  a  little  oxide,  in  the 
negative  one. 

Salts,  which  are  either  insoluble,  or  very  sparingly  soluble,  in 
water,  had  their  elements  disunited  in  the  following  manner.  Cups 
were  constructed  of  them,  precisely  resembling  the  gold  cones, 
which,  as  the  salts  were  hard  and  compact  in  their  texture,  was 
easily  effected.  These,  alter  being  filled  with  water,  were  connect- 
ed, by  platina  wires,  with  the  opposite  ends  of  a  galvanic  battery, 

*  Minute  directions  for  exhibiting1  the  transfer  of  acid  and  alkali,  by  means  of 
a  power  not  exceeding  thirty  pairs  of*  two  in&h  plates,  are  given  by  Mr  Singer. 
(Nicholson's  Journal,  xxiv.  178.) 
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the  vessels  themselves,  communicating  as  before,  by  means  of  mois- 
tened amianthus.  At  the  conclusion  of  the  experiment,  sulphuric 
acid  (when  the  cups  were  made  of  sulphate  of  lime)  was  found  in 
the  positive  cup,  and  lime  water  in  the  negative  one.  Sulphate  of 
strontites,  fluate  of  lime,  and  sulphate  of  barytes  were  decomposed, 
though  less  easily,  by  the  same  expedient.  In  all  these  cases  the 
acid  element  was  found  at  the  positive  side,  and  the  earthy  one  at 
the  negative  side  of  the  arrangement. 

These  facts  evidently  point  out  a  transference  of  the  elements  of 
combinations  from  one  electrified  vessel  or  surface  to  another  differ- 
ently electrified.  But  the  principle  is  made  much  more  apparent  by 
a  little  variation  of  the  experiment.  Thus,  if  solution  of  sulphate  of 
potash  be  electrified  in  the  positive  cone  fi,  water  alone  being  con- 
tained in  n,  after  a  sufficient  continuance  of  the  electrical  action /i 
will  be  found  to  contain  diluted  sulphuric  acid  ;  and  the  potash  will 
be  discovered  in  the  water  of  n.  The  alkali  must  necessarily, 
therefore,  have  passed,  in  an  imperceptible  form,  along  the  con- 
necting amianthus  from  the  vessel  fi  to  the  vessel  n.  Reversing 
the  experiment,  and  filling  n  with  solution  of  sulphate  of  potash, 
the  alkali  remains  in  this  cone,  and  the  acid  is  transferred  to  the 
opposite  side  fi.  In  one  experiment,  in  which  nitrate  of  silver  was 
placed  in  the  positive  cup,  and  pure  water  in  the  negative  one, 
the  whole  of  the  connecting  amianthus  was  co'vered  with  revived 
silver 

In  the  farther  prosecution  of  the  inquiry,  Sir  H.  Davy  succeed- 
ed in  discovering  a  still  more  extraordinary  series  of  facts.  When 
an  intermediate  vessel  (i,  fig.  8  2)  was  placed  between  the  positive 
and  negative  cups  fi  and  ?z,  and  was  connected  with  both  of  them  by 
moistened  amianthus,  it  was  found  that  acids  may  actually  be  made 
to  pass  from  n  to  fi,  through  the  intermediate  solution  in  i,  without 
combining  with  it.  Thus,  solution  of  sulphate  of  potash  being  put 
into  the  negative  cup  n,  solution  of  pure  ammonia  into  i,  and  pure 
water  into/?,  in  half  an  hour  sulphuric  acid  was  found  in  the  water 
of  the  positive  cup,  to  have  reached  which  it  must  have  been 
transferred  from  n  through  the  intermediate  solution  of  ammonia. 
Muriatic  acid,  also,  from  muriate  of  soda,  and  nitric  acid  from  ni- 
trate of  potash,  were  transferred  from  the  negative  to  the  positive 
side  through  an  interposed  solution  of  alkali.  And  contrariwise', 
alkalis  and  metallic  oxides  were  transmitted  from  the  positive  to 
the  negative  side,  through  intervening  solutions  of  acids. 

It  is  necessary,  however,  that  the  solution,  contained  in  the  inter- 
mediate vessel  i,  should  not  be  capable  of  forming  an  insoluble 
compound  with  the  substance  intended  to  be  transmitted  through 
it.  Tims  sulphuric  acid,  in  its  passage  from  sulphate  of  potash  in 
the  negative  cup,  through  the  vessel  i  containing  a  solution  of  pure 
barytes,  is  detained  by  the  barytes,  and  falls  down  in  the  state  of  an 
insoluble  compound  with  that  earth. 

Bodies,  the  composition  of  which  is  considerably  more  compli- 
cated, are,  also,  decomposed  by  galvanic  electricity.  Tims  from 
certain  minerals,  containing  acid  and  alkaline  matter  in  only  very 
minute  proportion,  these  ingredients  are  separately  developed.  Ba- 
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silt,  for  example,  (a  kind  of  stone  which,  in  100  grains,  contains 
oniy  3  a  grains  of  scxia  and  hull  a  grain  of  muriatic  acid,)  gave,  at 
the  end  of  ten  hours,  evident  traces  of  alkali  round  the  negative, 
and  ot  acid  rouna  the  positive  wire.  A  slip  ot  glass,  also,  nega- 
tive;)' electrified  in  one  of  the  gold  cones,  had  soda  detached  from 
it,  and  sustained  a  loss  of  weight. 

It  may  now  be  understood,  why,  by  the  agency  of  galvanism  on 
water,  aikali  appears  at  the  negative  and  acid  at  the  positive  wire. 
The  fact  was,  tor  some  time,  not  a  little  perplexing  to  Sir  H.  Davy; 
till,  at  length,  he  ascertained  that  all  water,  however  carefully  dis- 
tilled, contains  neutral  salts  in  a  state  ot  solution.*  From  these 
imparities,  ihe  alkaline  and  acid  elements  are  separated,  agreeably 
to  a  law,  which  has  already  been  explained.  In  the  same  way, also, 
the  muriatic  acid  and  alkali  are  accounted  for,  which  some  chemists 
have  obtained  by  galvanizing  what  was  before  considered  as  pure 
waer  ;  a  fact  which  has  been  urged  in  proof  of  the  synthetical  pro- 
duction of  both  those  bodies.  Absolutely  pure  water,  it  has  been 
demonstrated  by  Sir  H.  Davy,  yields  nothing  but  hydrogen  and 
oxygen  gases. 

All  the  effects  of  galvanic  arrangements,  in  producing  chemical 
decompositions,  it  has  been  found,  may  be  obtained  by  ordinary 
electricity.  Its  adaptation  to  this  purpose  was  first  successfully  at- 
tempted by  Dr.  Wollaston.f  The  apparatus,  which  he  employed, 
was  similar  to  that  already  represented,  (fig.  77,  a,)  excepting  that 
the  wires,  instead  of  being  exposed  to  the  fluid,  contained  in  the 
tube,  throughout  their  whole  length,  were  covered  with  wax,  and 
the  points  only  were  laid  bare.  Or  (what  was  found  to  answer  still 
better)  the  wires  were  enclosed  in  capillary  tubes,  which  were  seal- 
ed at  their  extremities,  and  then  ground  away,  till  the  points  alone 
were  exposed.  The  conducting  wires,  thus  arranged,  were  then 
introduced  into  a  tube,  or  other  vessel  containing  the  liquid  to  be 
operated  on,  and  were  connected,  the  one  with  the  positive,  the 
other  with  the  negative,  conductor  of  an  electrical  machine,  dis- 
posed for  positive  and  negative  electricity. J  When  solution  of 
sulphate  of  copper  was  thus  electrized,  the  metal  was  revived 
round  the  negative  pole.  On  reversing  the  apparatus,  the  copper 
was  re-dissolved,  and  appeared  again  at  the  other  wire,  now  ren- 
dered negative. 

When  gold  wires,  from  Y^  to  ttl7  of  an  inch  in  diameter,  thus 
inclosed,  were  made  to  transmit  electricity,  a  succession  of  sparks 
afforded  a  current  of  gas  from  water.     When  a  solution  of  gold  in 

*  If  such  be  the  fact,  what  dependance  can  be  placed  on  chemical  analysis? 
Can  we  suppose  the  presence  of  such  neutral  salts  will  not  often  modify  the  re- 
sults of  the  most  accurate  inquirer  ?  And  are  we  incapable  of  detecting  such 
substances  by  any  tests  in  our  possession  ?  I  must  confess,  I  would  rather  sus- 
pect the  accuracy  of  Sir  II.  Davy's  researches,  than  fully  acquiesce  in  the  above 
assertion.  Whence  or  how  did  Sir  H.  Davy  obtain  his  absolutely  pure  -water,  of 
which  Dr.  H.  speaks  at  the  conclusion  of  the  paragraph  ?     C. 

f  Philosophical  Transactions,  18ul. 

i  See  Cuthbertson's  Practical  Electricity. 
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nitro-muriatic  acid  was  passed  through  a  capillary  tube ;  the  tube 
then  heated  to  drive  off'  the  acid;  and  afiervvards  melted  and  drawn 
out,  it  was  found  that  the  mere  current  of  electricity,  without 
sparks,  evolved  gas  from  water. 

Sir  H.  Davy  has  since  proved  that  by  a  similar  apparatus,  solution 
of  sulphate  of  potash  is  decomposed,  potash  appearing  at  the  ne- 
gative, and  sulphuric  acid  at  the  positive  pole.* 


SECTION  IV. 

Theory  of  the  Changes  produce    by  Galvanic  Electricity. 

A  fact  of  considerable  importance  in  expl  ining  the  phenome- 
na that  form  the  subject  of  the  last  section,  was  discovered  several 
years  ago  by  Mr.  Bennett,  and  has  since  been  confirmed  by  the  ex- 
periments of  Volta  and  Davy.  Different  bodies,  it  is  found,  ac- 
quire, when  brought  into  contact  either  by  their  whole  surfaces  or 
by  a  single  point,  different  states  with  respect  to  their  quantities  of 
electricity.  The  best  method  of  performing  the  experiment  is  to 
take  two  discs  or  plates,  the  one  ot  copper,  the  other  of  zinc,  each 
about  four  inches  diameter,  and  furnished  with  an  insulating  glass 
handle ;  to  apply  them  for  an  instant  to  each  other  by  their  flat 
faces  ;  and  afterwards,  to  bring  them  separately  into  contact  with 
the  insulated  plate  of  the  condensing  electrometer.  The  instrument 
indicates,  by  the  divergence  of  its  gold  leaves,  the  electricity  ac- 
quired by  each  of  the  plates,  which  in  the  zinc  plate  is  shown  to  be 
positive,  and  in  the  copper  plate  negative.! 

It  had  been  established,  also,  by  Sir  H.  Davy,  in  1801,  that  when 
a  galvanic  arrangement  of  the  second  kind  is  constructed,  by  alter- 
nating metallic  plates  with  strata  of  different  fluids,  alkaline  solu- 
tions always  receive  electricity  from  the  metal,  and  acids  on  the 
contrary  transmit  it  to  the  metal.  When  an  arrangement,  for  ex- 
ample's made  of  water,  tin,  and  solution  of  potash,  the  current  of 
electricity  is  from  the  tin  to  the  alkali.  But,  in  an  arrangement  of 
nitric  acid,  tin,  and  water,  the  circulation  of  electricity  is  from  the 
acid  to  the  tin.  If  then  the  alkali,  after  having  acquired  electricity 
from  the  metal,  could  be  suddenly  separated  from  the  combination, 
there  can  be  no  doubt  that  it  would  be  found  in  a  positive  state.  For 
the  contrary  reason,  the  acid,  having  given  electricity  to  the  metal, 
must,  if  it  could  be  detached,  be  found  negative. 

Still  more  satisfactory  evidence  has  been  since  obtained  of  the 
electrical  state  of  the  acids  and  alkalis,  by  examining  what  kind  of 
electricity  they  impart  to  an  insulated  metallic  plate.  Various  dry 
acids,  being  touched  on  an  extensive  surface  by  a  plate  of  copper 
insulated  by  a  glass  handle,  the  copper  was  found  after  contact  to 

•  Philosophical  Transactions,  1  ^06. 

t  Volta,  in  Nicholson's  Journal,  8vo.  i.  136.  Wilkinson,  ii,  40,  50,  131.  Cuth- 
bertson,  267. 
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have  become  positively  electrified,  and  the  acid  negatively.  On 
the  contrary,  making  the  experiments  with  dry  earths  in  a  similar 
manner,  the  metal  became  negative.  The  alkalis  gave  less  dis- 
tinct results,  owing  to  their  attraction  for  moisture.  Bodies,  more- 
over, possessing  opposite  electrical  energies  towards  one  and  the 
same  body,  are  found  to  possess  them  with  regard  to  each  other. 
Thus  when  lime  and  oxalic  acid  were  brought  into  contact,  the 
earth  was  found  to  be  positive,  and  the  acid  negative.  Sulphur  ap- 
pears to  be  in  the  positive  state.  Oxygen,  judging  from  those 
compounds  in  which  it  is  loosely  combined,  is  negative;  and  hy- 
drogen, by  the  same  test,  positive. 

Now,  if  the  common  laws  of  electrical  attraction  and  repulsion 
operate,  as  there  is  every  reason  to  believe  they  must,  among  bo- 
dies so  constituted,  it  will  follow  that  hydrogen,  the  alkalis,  metals, 
and  oxides,  being  positively  electrified,  will  be  repelled  by  surfaces 
which  are  in  the  same  state  of  electricity  as  themselves,  and  will 
be  attracted  by  surfaces  that  are  negatively  electrified.  And,  con- 
trariwise, oxygen,  and  the  acids,  (in  consequence  of  the  oxygen 
they  contain,)  being  in  a  negative  state,  will  be  attracted  by  positive 
surfaces  and  repelled  by  negative  ones. 

To  apply  this  theory  to  the  simplest  possible  case,  the  decompo- 
sition of  water,  the.  hydrogen  of  this  compound,  being  itself  posi- 
tively electrified,  is  repelled  by  the  positive  wire  and  attracted  by 
the  negative  one;  while,  on  the  contrary,  oxygen,  being  negative, 
is  repelled  by  the  negative  wire,  and  attracted  by  the  positive 
one.*  In  the  case  of  neutral  salts,  the  negative  acid  is  attracted 
by  the  positive  wire  ;  and  the  positively  electrified  alkali  by  the  ne- 
gative wire. 

*  Ingenious  as  is  this  theory,  there  are  certainly  difficulties  attending  it  that 
have  not  yet  been  surmounted.  It  gives  us  no  explanation,  where  (whatever 
may  be  the  electric  states  of  hydrogen  and  oxygen  in  their  gaseous  form)  the 
water  is  decomposed  ;  whether  at  the  positive  or  negative  pole,  at  both  equally, 
or  at  some  intermediate  point.  The  experiments  of  Dr.  Wollaston  prove,  I 
think,  that  by  common  electricity,  water  is  decomposed  at  both  poles,  and  both 
equally  evolve  its  constituent  gases.  If  galvanism  is  merely  a  modification  of 
electricity,  I  can  scarcely  hesitate  to  believe  that  the  decomposition  of  water 
in  this  case  occurs  equally  at  both  poles;  yet  since  we  find  oxygen,  apparently, 
only  at  the  positive,  and  hydrogen  at  the  negative  end;  the  question  is,  what 
has  become  of  the  hydrogen  at  the  positive,  or  of  the  oxygen  at  the  negative? 
We  are  too  apt  to  regard  the  operations  before  us  as  the  result  of  simple  affini- 
ty, when  probability  would  more  readily  establish  it,  as  of  a  compound  nature. 
Whether  such  be  the  case,  in  the  process  under  consideration,  I  shall  not  pre- 
sume to  affirm,  although  I  believe  it  to  be  so.  And  I  think  we  are  guided  to 
somewhat  of  an  explanation,  by  referring  to  the  experiments  of  Mr.  Milner, 
on  ammonia,  &c.  in  which  he  found  that  nitrogen  and  hydrogen  do  not 
combine,  unless  the  fully  formed  nitrogen  meets  the  attenuated  hydrogen  in 
Us  nascent  or  forming  state.  We  have  perhaps  equal  reason  to  believe  that 
oxygen  will  not  combine  with  fully  formed  hydrogen,  although  it  probably 
may  combine  with  it  in  its  nascent  state.  I  presume,  then,  that  as  by  common 
electricity,  both  gases  are  evolved  together  at  each  pole ;  yet  as  they  meet  in  a 
fully  formed  state,  the  oxygen  cannot  combine  with  the  hydrogen,  to  reproduce 
a  portion  of  water.  A  double  action  is  nevertheless  continually  progressing ; 
whilst  the  oxygen  of  the  one  pole  (say  the  positive)  and  the  hydrogen  of  the 
other  mutually  escape,  (and  are  those  collected  in  the  experiment,)  the  nega- 
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Thus  then  a  power  has  been  discovered,  superior  in  its  energy 
to  chemical  affinity,  and  capable  either  of  counteracting  it,  or  of 
modifying  it  according  to  circumstances.  The  chemical  attraction 
between  two  bodies  may  be  destroyed,  by  giving  one  of  them  an 
electrical  state  opposite  to  its  natural  one ;  or  the  tendency  to 
union  may  be  increased,  by  exalting  the  natural  electrical  ener- 
gies. 

All  bodies,  indeed,  that  combine  chemically,  so  far  as  they  have 
hitherto  been  examined,  have  been  found  to  possess  opposite  states 
of  electricity.  Thus  copper  and  zinc  are  in  opposite  states  to  each 
other  ;  so  are  gold  and  mercury ;  sulphur  and  metals,  acids  and 
alkalis.  By  bringing  two  bodies  into  the  same  electrical  state, 
which  were  before  capable  of  union,  we  destroy  their  tendency  to 
combination.  Thus  zinc  or  iron,  when  negatively  electrified,  will 
not  unite  with  oxygen.  Even  after  combination,  it  is  thought  by 
Sir  H.  Davy  not  improbable,  that  bodies  may  still  retain  their  pe- 
•  culiar  states  of  electricity.  If  oxygen  prevail,  in  any  compound, 
over  the  combustible  or  positive  base,  the  compound  is  negative, 
as  in  certain  metallic  oxides.  But  the  combustible  ingredient  may 
be  in  such  proportion,  as  to  predominate,  and  to  give  to  the  com- 
pound a  positive  energy.  When  precise  neutralization  is  attained, 
bodies  that  had  before  exhibited  electrical  effects  are  deprived  of 
this  property. 

It  is  an  interesting  question,  but  one  which  can  scarcely  be  de- 
termined in  the  present  state  of  the  science,  whether  the  power  of 
electrical  attraction  and  repulsion  be  identical,  as  Sir  H.  Davy  has 
suggested,  with  chemical  affinity  ;  or  whether  it  may  not  rather  be 
considered,  like  caloric,  as  a  distinct  force,  which  only  modifies  that 
of  chemical  attraction  ?  On  the  former  hypothesis,  two  bodies, 
which  are  naturally  in  opposite  electrical  states,  may  have  these 
states  sufficiently  exalted,  to  give  them  an  attractive  force  supe- 
rior to  the  cohesive  affinity  opposed  to  their  union  ;  and  a  combina- 
tion will  take  place,  which  will  be  more  or  less  energetic,  as  the 
opposed  forces  are  more  or  less  equally  balanced.  Again,  when 
two  bodies,  repellent  of  each  other,  act  upon  a  third  with  different 
degrees  of  the  same  electrical  energy,  the  combination  will  be  de- 
termined by  the  degree.  Or,  if  bodies,  having  different  degrees  of 
the  same  electrical  energy  with  respect  to  a  third,  have  likewise 
different  energies  with  respect  to  each  other,  there  may  be  such  a 

live,  but  fully  formed  oxygen  meets  the  nascent  positive  hydrogen,  and  re-consti- 
tutes a  portion  of  water,  equal  to  half  the  amount  of  that  decomposed.  There 
is  certainly  no  reason  why  this  extraordinary  agent  should  be  incapable  of  re- 
uniting elements  into  the  same  form,  from  which  it  had  the  instant  before  sepa- 
rated them,  for  common  electricity  does  the  same;  indeed  we  know  that  it  is 
also  accomplished  by  galvanic  action ;  and  we  must  remember  that  it  now  meets 
them  under  a  totally  different  state  of"  existence.  The  various  experiments  of 
Davy  related  in  the  text,  gf  the  separation  and  transmission  of  the  component 
parts  of  bodies,  invisibly,  and  even  across  fluids,  capable  by  their  affinity,  un- 
der ordinary  circumstances,  of  retaining  them,  I  think  are  highly  favourable  to 
the  truth  of  this  hypothesis.  Nor  can  the  distance  of  the  wires,  or  their  being 
placed  in  different  vessels,  at  all  militate  against  it,  when  the  above  referred-to 
experiments  are  properly  considered.    C. 
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balance  of  attracting  and  repelling  forces  as  to  produce  a  triple 
compound. 

This  hypothesis,  it  is  remarked  by  Sir  H.  Davy,  agrees  extreme- 
ly  well  with  the  influence  of  T/iass,  which  has  been  so  well  illus- 
trated by  Berthollet ;  tor  many  particles,  acting  feebly,  may  be 
equal  in  effect  to  fewer  acting  more  powerfully.  Nor  is  it  at  all 
contradictory  to  the  observed  influence  of  caloric  over  chemical 
union;  for  an  increase  of  temperature,  while  it  gives  greater  free- 
dom of  motion  to  the  particles  of  bodies,  exalts  also  their  electri- 
cal energies.  This  Sir  H.  Davy  ascertained  with  respect  to  an  in- 
sulated plate  of  copper  and  another  of  sulphur,  when  heated  be- 
low 212°  Fahrenheit;  and  at  a  still  higher  temperature  these  bo- 
dies, as  is  well  known,  combine  with  the  extrication  of  heat  and 
light,  the  usual  accompaniments  of  intense  chemical  action. 

On  the  supposition  that  electricity  is  a  force,  which  only  modi- 
fies the  action  of  chemical  affinity  we  may  regard  it,  when  it  pro- 
motes combination,  as  producing  this  effect  by  counteracting  cohe- 
sive attraction.  When  it  impedes  combinations,  or  destroys  those 
•which  are  already  formed,  it  probably  acts  as  a  force  co-operating 
with  elasticity. 


SECTION  V. 

Theory  of  the  Action  of  the  Galvanic  Pile. 

Two  theories  have  been  framed  to  account  for  the  phenomena 
of  the  Galvanic  Pile,  and  of  all  similar  arrangements.  The  first, 
originating  with  Volta,  was  suggested  by  the  fact,  which  may  be 
considered,  indeed,  as  fundamental  to  it — that  electricity  is  excited 
by  the  mere  contact  of  different  metals.  When  a  plate  of  copper 
and  another  of  zinc  are  made  to  touch  by  their  flat  surfaces,  as  was 
stated  in  the  last  section,  the  zinc,  after  separation,  exhibits  posi- 
tive electricity,  and  the  copper  negative.  It  is  natural,  therefore, 
to  conclude  that  a  certain  quantity  of  electricity  has  moved  from 
the  copper  to  the  zinc.  On  trying  other  metals,  Volta  found  that 
similar  phenomena  take  place  ;  and  by  a  series  of  experiments  he 
was  led  to  arrange  their  powers  in  the  following  order,  it  being  un- 
derstood that  the  first  gives  up  iu  electricity  to  the  second ;  the  se- 
cond to  the  third  ;  the  third  to  the  fourth,  and  so  on. 

Silver. 

Copper. 

Iron. 

Tin. 

Lead. 

Zinc. 

The  metals,  then,  have  been  denominated  by  Volta,  from  this 
property,  motors  of  electricity;  and  the  process,  which  takes  place, 
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electro  motion,  a  term  since  sanctioned  by  the  adoption  of  it  by  Sir 
H.  Davy. 

Il  is  on  this  transference  of  electricity  from  one  body  to  another 
by  simple  contact,  that  Volta  explains  the  action  of  the  instrument 
discovered  by  himseii,  and  oi  all  similar  arrangements.  The  in- 
terposed fluids,  on  his  hypothesis,  have  no  effect  as  chemical 
agents  in  producing  the  phenomena,  and  act  entirely  as  conductors 
of  electricity.  Without  disputing,  however,  the  accuracy  or  value 
of  the  facts  which  suggested  his  theory,  it  is  sufficient  for  its*  refu- 
tation that  it  is  irreconcileable  with  other  phenomena ;  and  espe- 
cially with  the  observation,  that  the  chemical  agency  of  the  liquids, 
on  the  more  oxidizable  metal  of  galvanic  arrangements,  is  essen- 
tial to  their  sustained  activity.  It  has  been  proved,  indeed,  that 
the  phenomena  begin  and  terminate  with  the  oxidation ;  and  that 
the  energy  of  the  pile  bears  a  pretty  accurate  proportion  to  the  ra- 
pidity of  the  process.  Hence  it  seems,  on  first  view,  an  obvious 
inference,  that  the  oxidation  of  the  metal  is  the  primary  cause  of 
the  evolution  of  electricity  in  galvanic  arrangements.  It  has  been 
proved,  however,  that  it  is  not  necessary  to  the  excitement  of  elec- 
tricity, that  the  amalgam  should  be  oxidated ;  for  the  machine 
continues  to  act  when  inclosed  in  hydrogen  gas  or  carbonic  acid ; 
and  the  electric  column  of  M.  de  Luc  is  composed  of  dry  sub- 
stances. 

But  though  the  chemical  agency  of  the  fluids  which  are  employ- 
ed is  now  admitted,  on  all  hands,  to  be  essential  to  the  excitement 
of  this  kind  of  electricity,  yet  it  is  by  no  means  universally  agreed 
that  we  are  to  consider  it  as  the  first  in  the  order  of  phenomena. 
It  has  been  suggested  by  Sir  H.  Davy,  as  a  correction  of  the  theory 
of  Volta,  that  the  electro-motion,  occasioned  by  the  contact  of  me- 
tals, is  the  primary  cause  of  the  chemical  changes  ;  and  that  these 
changes  are  in  no  other  way  efficient,  than  as  they  restore  the  elec- 
tric equilibrium.  To  explain  this,  let  us  suppose  that  in  any  three 
pairs  of  plates  of  a  galvanic  trough,  the  zinc  plates  z  1,  z  2,  z  3, 
(fig.  78,)  are  in  the  state  of  positive,  and  the  copper  plates  c  1,  c2, 
c  3,  in  that  of  negative  electricity.  The  liquid,  in  any  cell  after  the 
first,  will  be  in  contact,  on  the  one  side,  with  positively  electrified 
zinc,  and  on  the  other  with  negatively  electrified  copper.  And  if 
the  elements  composing  the  fluid  be  themselves  in  different  states 
of  electricity,  the  negatively  electrified  element  will  be  attracted 
by  the  zinc,  and  the  positively  electrified  element  by  the  copper. 
Thus  when  solution  of  muriate  of  soda  in  water  is  the  fluid,  the  ox- 
ygen and  the  acid  will  pass  to  the  zinc  or  positive  plate,  and  the  al- 
kali to  the  copper  one ;  while  the  hydrogen,  having  no  affinity  for 
copper,  escapes.  The  electric  equilibrium  will  be  rest  >red,  but 
only  for  a  moment ;  for,  as  the  interposed  fluid  is  but  a  very  imper- 
fect conductor  of  electricity,  the  zinc  and  copper  plates  will,  by 
their  electromotive  power,  again  assume  their  states  of  opposite 
electricity  ;  and  these  changes  will  go  on,  as  long  as  any  muriate  of 
soda  remains  untlecomposed.  In  a  Voltaic  arrangement,  therefore, 
the  electrical  energies  of  the  metals  with  respect  to  each  other,  or 
to  the  substances  dissolved  in  water,  are  the  causes  disturbing 

T 
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the  equilibrium  ;  and  the  chemical  clnnges  arc  the  causes  that 
restore  it. 

No  theory  of  the  galvanic  pile,  however,  can  be  considered  as 
complete,  that  does  not  account  for  the  accumulation  of  electricity 
at  the  zinc  end  of  the  apparatus.  On  the  theory  that  the  oxidation 
of  the  zinc  is  the  source  of  the  evolved  electricity,  the  fact  has  been 
ingeniously  explained  by  Dr.  Bostock.  He  takes  it  for  granted 
that  the  electric  fluid  has  an  affinity  for  hydrogen;  and  suppose6 
that  the  electricity,  evolved  at  the  surface  of  the  first  zinc  plate,  is 
carried,  united  to  hydrogen,  through  the  fluid  of  the  cell  to  the  op- 
posite copper  plate.  Here  the  hydrogen  and  electricity  separate  ; 
the  former  flies  off  in  the  state  of  gas,  and  the  latter  passes  out- 
wards to  the  next  zinc  plate.  Being  in  some  degree  accumulated 
in  this  plate,  it  is  disengaged  by  the  action  of  the  fluid  in  a  more 
concentrated  state  than  beiore.  And  in  the  same  manner,  by  mul- 
tiplying the  number  of  pairs,  it  may  be  made  to  exist,  in  the  zinc 
end  of  the  pile,  in  any  assignable  degree  of  intensity. 

On  this  theory,  the  electricity  evolved  is  actually  generated  by 
the  chemical  action  of  the  interposed  fluids  on  every  zinc  pate  of 
the  series;  and  its  accumulation  is  the  aggregate  of  what  is  thus 
evolved.  The  concentration,  which  takes  place  at  the  zinc  end  of 
the  arrangement  admits,  however,  of  being  explained  by  the  hypo- 
thesis of  Volta,  especially  as  modified  by  Sir  H.  Davy.  Taking 
the  first  cell  as  an  example,  the  fluid  interposed  between  the  posi- 
tive zinc  plate  z  1,  fig.  78,  and  negative  copper  plate  c  2,  being  it- 
self a  conductor  of  electricity,  must  in  time  produce  an  equilibrium 
between  these  two  plates  ;  but  this  can  only  be  done  by  the  passage 
of  a  certain  quantity  of  electricity  across  the  fluid.  The  absolute 
quantity  of  electricity,  will,  therefore,  be  diminished  in  the  first 
pair,  and  increased  in  the  second.  In  like  manner,  the  second  zinc 
plate  will  give  up  part  of  its  electricity  to  the  third  copper  plate, 
and  the  second  pair  of  plates  will  be  deprived  of  part  of  its  electri- 
city. The  electricity,  thus  lost  by  the  second  pair,  it  will  regain 
from  the  first  pair  of  plates.  By  multiplying,  in  this  way,  the  num- 
ber of  plates,  every  successive  pair,  as  we  advance  in  the  series, 
has  a  tendency  to  diminish  the  quantity  of  electricity  in  the  first; 
and  to  have  its  own  state  of  electricity  proportionally  exalted. 

When  a  communication  is  made  between  two  extremities  of  a 
series,  for  example  between  z3  or  its  contiguous  cell,  and  c1,  the 
opposite  electricities  tend  to  an  equilibrium.  The  third  pair  gives 
up  a  share  of  its  electricity  to  the  first;  and  the  intermediate  pair, 
being  placed  between  equal  forces,  remains  in  equilibrio.  Hence, 
in  every  galvanic  arrangement,  there  is  a  pair  of  plates  at  the  cen- 
tre, which  is  in  its  natural  state  of  electricity.  The  effect  of  such 
a  communication  must  necessarily  be  to  reduce  the  pile  to  a  state 
of  inactivity,  if  there  did  not  still  exist  some  cause  sufficient  to  de- 
stroy the  equilibrium.  On  the  hypothesis  of  Volta,  this  can  be  no- 
thing else  than  the  property  of  electro-motion  in  the  metals,  which 
originallyproduced  disturbance. 

Such  are  the  hypotheses  that  have  been  framed  to  explain  the 
phenomena  of  the  Voltaic  pile.     In  the  present  state  of  the  science. 
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neither  of  them  is  entitled  to  be  received  as  altogether  satisfactory  ; 
and  I  have  stated  them  rather  with  the  view  of  exciting  than  of 
satisfying  inquiry.*  On  the  theory  of  galvanic  electricity,  it  only- 
remains  to  point  out  its  difference  from  the  electricity  developed 
by  ordinary  processes;  and  to  explain  the  different  effects,  which 
are  produced  by  varying  the  size  of  the  plates  in  galvanic  arrange- 
ments. 

Though  the  identity  of  common  and  galvanic  electricity  appears 
to  be  sufficiently  established,  yet  in  some  of  their  phenomena,  which 
have  already  been  described,  there  is  a  considerable  difference.  To 
explain  these,  it  was  long  ago  suggested  by  Mr.  Nicholson,!  that 
the  electricity,  excited  by  the  common  machine,  is  developed  in 
much  smaller  quantity,  but  in  a  higher  state  of  concentration  or  in- 
tensity, than  the  electricity  of  galvanism.  Hence,  its  velocity  is 
much  more  rapid ;  and  hence  it  readily  passes  through  plates 
of  air  and  other  non-conductors,  that  are  scarcely  permeable  by  gal- 
vanic electricity.  By  virtue  of  the  same  property  it  disperses  the 
metals  in  the  form  of  smoke;  while  the  utmost  effect  of  a  Voltaic  ar- 
rangement is  to  melt  them  into  globules.  By  doubling  the  quanti- 
ty of  galvanic  electricity,  also,  we  ignite  only  a  double  length  of  me- 
tallic wire,  and  the  ignition  is  more  permanent;  but  the  intensity  of 
common  electricity  is  such,  that  by  doubling  its  quantity  we  ignite 
four  times  the  length  of  wire,  and  the  effect  is  little  more  than  mo- 
mentary 4 

The  comparative  quantities  of  electricity  evolved  by  the  common 
machine  and  by  a  Voltaic  apparatus,  have  been  made  a  subject  of 
calculation  by  Mr.  Nicholson.  A  pile  consisting  of  100  half  crowns, 
with  the  same  number  of  pieces  of  zinc,  produces,  he  found,  200 
times  more  electricity  than  can  be  obtained,  in  an  equal  time, from  a 
24  inch  plate  machine  in  constant  action.  Van  Marum  has,  also,  ob- 
served, that  a  single  contact  of  a  Leyden  jar  or  battery  with  a  Voltaic 
pile  charges  it  to  the  same  degree,  as  six  contacts  with  the  prime 
conductor  of  a  powerful  machine. 

It  might  naturally  be  expected  that  a  proportion  would  be  ob- 
served between  the  quantity  of  surface  composing  galvanic  arrange- 
ments, and  their  power  of  action  ;  and  such,  with  some  limitation, 
is  the  fact.  With  plates  of  the  same  size,  the  effect,  generally 
speaking,  is  proportional  to  the  number.  But  by  enlarging  the 
size,  without  increasing  the  number,  neither  the  shock  nor  the 
power  of  decomposing  water  and  other  imperfect  conductors,  is 
proportionally  increased.  A  remarkable  proof  of  this  is,  that  Mr. 
Children's  great  battery  of  20  double   plates,  4  feet  by  2,  had  no 

*  The  reader,  who  wishes  to  pursue  the  subject,  may  consult  an  essay  by  the 
author,  in  the  35th  vol.  of  Nicholson's  Journal,  p.  259  ;  Mr.  De  Luc's  papers, 
vol.  32,  p.  271,  and  vol.  36,  p.  97;  Mr.  Singer  on  the  Electrical  Column,  vol.  36, 
p.  373,  and  his  work  on  Galvanic  Electricity ;  Dr.  Bostock's  Essay  in  Thomson's 
Annals,  iii.  32  ;  Sir  H.  Davy's  chapter  on  Electrical  Attraction  and  Repulsion,  in. 
his  Elements  of  Chem.  Philos.  p.  125  ;  and  the  1st  vol.  of  Gay  Lussac  andThe- 
nard's  Researches. 

f  See  his  Journal,  4to.  iv.  244. 

*  Cuthbertson,  page  278. 
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more  effect  on  the  human  body,  or  in  decomposing  water,  than  a 
battery  containing  the  same  number  of  small  plates.  On  the  con- 
trary, to  obtain  a  great  increase  of  effect  in  the  combustion  of  me- 
tals, it  is  necessary  to  enlarge  considerably  the  size  of  the  piates. 
Tiius  100  plate*  of  four  inches  square  produce,  in  this  way,  an  in- 
comparably greater  effect,  than  the  same  surface  divided  into  four 
times  the  number. 

The  effect  of  multiplying  the  number  of  plates,  it  has  already 
been  observed,  is,  that  we  obtain  electricity  of  a  higher  intensity, 
and  it  was  supposed  by  Volia*  that  the  proportion  is,  as  nearly  as 
can  be  judged,  an  arithmetical  one.  If,  for  example,  we  have  a 
certain  intensity  with  20  pairs,  it  should  be  doubled  by  40,  trebled 
by  60,  and  so  on.  It  has  been  shown,  however,  by  Sir  H.  Davy,t 
that  by  increasing  the  number  of  plates,  the  quantities  of  gas,  evol- 
ved from  water,  were  nearly  as  the  squares  of  the  numbers  By  a 
sufficient  increase,  the  most  astonishing  effects  may  be  produced. 
Thus  the  combination  belonging  to  the  Royal  Institution,  which 
contains  2000  double  plates,  each  having  a  surface  of  32  square  in- 
ches, when  in  action,  melts  platina,  as  easily  as  wax  is  melted  by  a 
candle,  and  fuses  quartz-  the  sapphire,  lime,  and  magnesia.  By  en- 
larging the  size,  without  increasing  the  number,  it  has  also  been 
shown  that  we  gain,  not  in  intensity,  which  remains  exactly  the 
same,  but  in  quantity.  Now,  for  the  combustion  of  metals  what  we 
principally  want  is  a  large  quantity  of  electricity  ;  for  as  they  are 
perfect  conductors,  it  finds  a  ready  passage  through  them  even 
when  of  low  intensity.  On  the  contrary,  to  find  its  way  through 
fluids  and  other  imperfect  conductors,  it  must  be  evolved  in  a  high 
state  of  concentration.  The  facts,  therefore,  accord  sufficiently  well 
with  the  explanation,  to  entitle  it  to  be  received  as  a  probable  hy- 
pothesis. 


CHAPTER  VIII. 


THE  alkalis,  in  their  pure  state,  are  the  products  of  chemlcaj 
operations,  which  will  be  described  in  the  sequel.  They  are  distin- 
guished by  the  following 

General  Qualities,. 

The  properties,  common  to  all  the  three  alkalis,  may  be  shown 
by  those  of  a  solution  of  pure  potash. 

(a)  The  alkalis  change  vegetable  blue  colours,  as  that  of  an  infu- 
sion of  violets,  to  green. 

(b)  They  have  an  acrid  and  peculiar  taste. 

*  Nicholson's  Journal,  8vo.  i.  139. 
f  Elements  of  Chem.  Philos.  p.  155. 
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(c)  They  serve  as  the  intermedia  between  oils  and  water. 

(d)  They  corrode  woollen  cloth  ;  and,-  if  the  solution  be  sufficient- 
ly strong,  reduce  it  to  the  form  of  a  jelly. 

(f)  They  are  readily  soluble  in  water. 

(./')  The  two  fixed  alkalis  unite  with  water,  and  form  solid  hy- 
drates. 


SECTION  I. 

Pure  Potash  and  pure  Soda. 
Art.  1—  Their  Preparation  and  General  Qualities. 

To  prepare  pure  potash,  dissolve  any  quantity  of  American  or 
Dantzic  pearl-ash  in  twice  its  weight  of  boiling  water,  and  addithe 
solution,  while  hot,  to  an  equal  weight  of  fresn  quicklime,  slaked 
with  six  times  its  weight  of  hot  water.  Boil  the  mixture  in  an  iron 
kettle,  and  continue  stirring  during  half  an  hour.  Then  separate 
the  liquid  alkali,  either  by  filtering  through  calico  or  by  subsidenr  e ; 
and  boil  it  to  dryness  in  a  silver  dish.  Pour,  on  the  dry  mass,  as 
much  pure  alcohol  as  is  required  to  dissolve  it ;  put  the  solution  into 
a  bottle,  and  let  the  insoluble  part  settle  to  the  bottom.  Then  de- 
cant the  alcoholic  solution  of  potash  ;  and  distil  off  the  alcohol  in  an 
alembic*  of  pure  silver,  furnished  with  a  glass  head.  Pour  the' 
alkali,  when  in  fusion,  upon  a  silver  dish,  and,  when  cold,  break 
it  into  pieces,  and  preserve  it  in  a  well-stopped  bottle.  If  the 
distillation  of  the  alcohol  be  not  carried  so  far,  the  alkali  will 
shoot,  on  cooling,  into  regular  crystals,  containing  53  per  cent  of 
water. 

From  the  electro-chemical  researches  of  Sir  H.  Davy,  it  appears 
that  potash  is  not  completely  deprived  of  carbonic  acid,  by  any 
process  hitherto  employed  for  its  preparation^  Probably  the  me- 
thod suggested  by  Darcet,  of  removing  the  last  portions  of  car- 
bonic acid  from  an  alkaline  liquor  by  solution  of  barytes,  after  the 
full  action  of  lime,  would  be  found  effectual. 

In  the  same  mode  may  pure  soda  be  prepared,  substituting  the 
carbonate  of  soda  for  the  pearl  ash. 

These  alkalis  have  the  following  properties: 

(a)  They  powerfully  attract  moisture  from  the  atmosphere,  or 
deliquiate. 

(b)  They  readily  dissolve  in  water,  and  produce  heat  during 
their  solution  if  the  fused  alkaiis  be  employed  ;  but  the  crystalliz- 
ed alkalis  generate  cold,  when  dissolved. 

(c)  They  are  not  volatilized  by  a  moderate  heart,  and  hence  have 
been  called  fixed  alkalis. 

•  The  figure  of  an  alembic  may  be  seen  in  pi.  i.  fig.  2. 
f  Philosophical  Transactions,  1808,  355. 
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(d)  When  melted  with  silex,  in  proper  proportions  and  by  a  suf- 
ficient heat,  they  form  glass. 

Hydrated  Alkalis. 

It  is  necessary  to  observe  that  the  alkalis,  even  after  being  kept 
some  time  in  fusion,  contain  a  quantity  of  water  in  the  state  ot  com- 
bination; in  other  words,  are  hydrates.  This  discovery  appears  to 
be  due  to  Darcet,  who  has  established  his  claim  very  satisfactori- 
ly.* Various  proportions  of  water  and  alkali  have  been  assigned 
to  these  compounds.  Bethollet,  in  the  2d  vol.  of  the  Memoires 
d'Arcueil,  states  that  100  parts  of  solid  potash  contain  13£  parts  of 
wacer;  but  Sir  H.  Davyf  has  raised  it  as  high  as  from  17  to  19  per 
cent ;  and  Gay  Lussac  and  Thenard  allow  about  one  fifth  of  water 
in  solid  potash 4  One  possible  source  of  fallacy  is,  that  if  the  al- 
kali contain  soda,  the  proportion  of  water  will  appear  too  great; 
because  that  alkali  combines  with  more  water  than  potash.  If,  as 
Mr  Dalton  suspects,  the  hydrate  of  potash  be  a  compound  of  1 
atom  of  potash  -f  1  atom  of  water,  its  atom  should  weigh  56.5;  and 
it  ought  to  be  composed  of 

84.9  potash  >  584 

15.1  water  $      °r       {16 


100  100 

And  it  is  remarkable,  that,  according  to  the  theoretical  view 
of  Berzelius,  potash,  to  become  a  hydrate,  requires  a  quantity  of 
water  containing  precisely  as 'much  oxygen,  as  exists  in  the  al- 
kali united  with  potassium ;  that  is,  100  parts  of  the  hydrate 
should  contain  16.15  of  water.§ 

There  is  also  considerable  difference  in  the  statements  respect- 
ing Hydrate  of  Roda,  Berard  makes  it  contain  18.86  per  cent  of 
water;  Darcet  28;  and  Sir  H.  Davy  from  23  to  25.||  If  the  atom 
of  soda  weigh  as  Mr.  Dalton  supposes,  28,  and  if  the  hydrate  con- 
sist of  1  atom  of  soda  + 1  atom  of  water,  the  atom  of  hydrate  of 
soda  should  weigh  36.5,  and  the  hydrate  should  be  composed  of 

76.7  soda 
23.3  water 

100. 
In  these  instances,  the  theoretical  view,  and  the  best  practical  re- 
sult, confirm  each  other. 

It  is  often  of  importance  to  know  the  quantity  of  real  alkali,  con- 
tained in  solutions  of  different  specific  gravities.  The  following 
Tables  have  been  constructed  by  Mr.  Dalton  from  his  own  experi- 
ments, conducted  wit!)  great  attention  to  accuracy. 

*  71  Ann.  de  Chim.  202.  f  Elements,  p.  326. 

+  Here  we  have  another  proof  of  the  imperfection  of  analysis,  and  of  conse- 
quence, how  careful  we  should  be,  of  implicitly  relying  on  any  hypothesis  built 
on  so  imperfect  a  foundation. C. 

§  82  Ann.  de  Chim.  p.  11.  0  Phil-  Trans.  1811. 
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Table  of  the  Quantity  of  Real  Potash  in  watery  Solutions  of  dif- 
ferent Specific   Gravities. 


Atoms  ol 
Potash 
Water. 

Potash 

per  cent. 

bv    weight. 

Potash 

per  cent. 

by  measure. 

Specific 
Gravity. 

Congealing 
point. 

Boiling 
point. 

1+    0 

100 

240 

2.4 

unknown. 

unknown. 

1+    1 

84 

185 

2.2 

1000° 

red  heat. 

1+   2 

72  4 

145 

2.0 

500° 

600° 

1+   3 

63.6 

119 

1.88 

340° 

420° 

1+    4 

56.8 

101 

1.78 

220° 

360° 

1+   5 

5L.2 

86 

1  68 

150° 

320° 

1+    6 

467 

75 

1.60 

100° 

290° 

1+   7 

42.9 

65 

1.52 

70° 

276° 

1+    8 

39.6 

58 

1.47 

50° 

265° 

1+   9 

36.8 

53 

1.44 

40° 

255° 

1  +  10 

34.4 

49 

1.42 

246° 

32.4 

45 

1.39 

240° 

29.4 

40 

1.36 

2  34° 

26.3 

35 

1.33 

229° 

23.4 

30 

1.28 

224° 

19  5 

25 

1.23 

220° 

16.2 

20 

1.19 

218° 

13 

15 

1.15 

215° 

9.5 

10 

1.11 

214° 

4.7 

5 

1.06 

213° 

"2.  Table  of  the  Quantity  of  Real  Soda  in  -watery  Solutions  of  different 
Specific  Gravities. 


Atoms  of 

Soda 
Water. 

Soda 

per  cent. 

by  weight. 

Soda 

per  cent. 

by  measure. 

Specific 
Gravity. 

Congealing 
point. 

Boiling 
point. 

1+0 

100 

230? 

2.30  ? 

1000° 

unknown. 

1  +  1 

77  8 

156 

2. 

500° 

red  hot. 

1+2 

63.6 

118 

1.85 

250° 

600° 

1+3 

53  8 

93 

1.72 

150° 

400° 

1+4 

46  6 

76 

1.63 

S0° 

300° 

1  +  5 

41.2 

64 

1.56 

280° 

1+6 

36.8 

55 

1.50 

265° 

34 

50 

1.47 

255° 

31 

45 

1.44 

248° 

29 

40 

1.40 

242° 

26 

35 

1.36 

235° 

23 

30 

1.32 

228° 

19 

25 

1.29 

224° 

16 

20 

1.23 

220° 

13 

15 

1.18 

217° 

9 

10 

1.12 

214° 

4.7 

5 
—   ■-» 

1.06 

213° 
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Art.  2. —-Analysis  of  the  two  fixed  Alkalis. 

Though  it  had  long  been  conjectured*  that  the  fixed  alkalis  arc 
not  simple  or  elementary  bodies,  yet  no  distinct  evidence  had  been 
obtained  ot  their  nature,  until,  in  the  year  1807,  i:  was  furnished  by 
the  splendid  discoveries  of  Sir  H.  Davy.  From  the  facts  which 
have  been  stated  in  a  former  section  respecting  the  powers  of  elec- 
trical decomposition,  it  appeared  to  that  philosopher  a  natural  infer- 
ence, that  the  same  powers,  applied  in  a  siate  ot  the  highest  possi- 
ble intensity,  might  disunite  the  elements  of  bodies,  which  had  re- 
sisted all  other  instruments  of  analysis.  It  potasn,  for  example, 
were  an  oxide,  composed  of  oxygen  united  to  an  inflammable  base, 
it  seemed  to  him  probable,  that  when  subjected  to  the  action  of  op- 
posite electricities,  the  oxygen  would  be  attracted  by  the  positive 
wire  and  repelled  by  the  negative.  At  the  same  time,  the  reverse 
process  might  be  expected  to  take  place  with  respect  to  the  com- 
bustible base,  the  appearance  of  which  might  be  looked  for  at  the 
negative  pole. 

In  his  first  experiments,  Sir  H  Davy  failed  to  effect  the  decom- 
position of  potash,  owing  to  his  employing  the  alkali  in  a  state  of 
aqueous  solution,  and  to  the  expenditure  of  the  electrical  energy  in 
the  mere  decomposition  of  water.  In  his  next  trials,  the  alkali  was 
liquefied  by  heat  in  a  platina  dish,  the  outer  surface  of  which,  imme- 
diately under  the  alkali,  was  connected  with  the  zinc  or  positive 
end  of  a  battery  consisting  of  100  pairs  of  plates,  each  six  inches 
square.  In  this  state,  the  potash  was  touched  with  a  platina  wire 
proceeding  from  the  copper,  or  negative  end  of  the  battery;  when 
instantly  a  most  intense  light  was  exhibited  at  the  negative  wire, 
and  a  column  of  flame  arose  from  the  point  of  contact,  evidently 
owing  to  the  development  of  combustinle  matter.  The  results  of 
the  experiment  could  not,  however,  be  collected,  but  were  consum- 
ed immediately  on  being  formed. 

The  chief  difficulty  in  subjecting  potash  to  electrical  action  is, 
that  in  a  perfectly  dry  state  it  is  a  complete  non-con'iuctor  of  elec- 
tricity. When  rendered,  however,  in  the  least  degree  moist  by 
breathing  on  it,  it  readily  undergoes  fusion  and  decomposition,  by 
the  application  of  strong  electrical  powers.  For  this  purpose,  a 
piece  of  potash,  weighing  from  60  to  70  grains,  may  be  placed  on  a 
small  insulated  plate  of  platina,  and  may  be  connected,  in  the  way 
already  described,  with  the  opposite  end  of  a  powerful  electrical 
battery,  containing  not  less  than  100  pairs  of  six  inch  plates  On 
establishing  the  connection,  the  potash  will  fuse  at  both  places 
where  it  is  in  contact  with  the  platina  A  violent  effervescence  will 
be  seen  at  the  upper  surface,  arising,  as  Sir  H  D-.vy  has  ascertain- 
ed, from  the  escape  of  oxygen  gas.  At  the  lower  or  negative  sur- 
face, no  gas  will  be  liberated  ;  but  small  bubbles  will  appear,  having 
a  hifth  metallic  lustre,  and  being  precisely  similar  in  visible  cha- 
racters to  quick-silver.    Some  of  these  globules  burn  with  an  explo- 

*  See  Philosophical  Magazine,  xxxii.  18,  62. 
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sion  and  bright  flame  ;  while  others  are  merely  tarnished,  and  are 
protected  from  farther  change  by  a  white  film,  which  forms  on  their 

surface.*  , 

This  production  of  metallic  globules  is  entirely  independent  oi 
the  action  of  the  atmosphere  ;  for  Sir  H.  Davy  finds  that  they  may 
be  produced  in  vacuo. 

Pure  soda  gives  similar  results ;  but  its  decomposition  demands 
a  greater  intensity  of  action.  The  quantity  of  soda  should  not  ex- 
ceed 15  or  20  grains  ;  and  the  distance  between  the  platina  surfaces 
must  be  reduced  from  |  to  $■  or  T\,  of  an  inch.  The  metal  from  soda 
does  not,  like  that  from  potash,  continue  fluid  at  the  temperature  of 
the  atmosphere  ;  but  speedily  becomes  solid,  and  bears  a  considera- 
ble resemblance  to  silver.  When  the  electrical  power  is  much 
increased,  globules  of  the  metal  fly  with  great  velocity  through 
the  air,  in  a  state  of  vivid  combustion,  producing  beautiful  jets 

of  fire. 

To  preserve  these  new  substances,  it  is  necessary  to  immerse 
them  immediately  in  pure  naphtha,  a  fluid  which  will  be  described 
in  a  subsequent  part  of  the  work.  If  they  are  exposed  to  the  at- 
mosphere, they  are  rapidly  converted  back  again  into  the  state  of 
pure,  potash  or  pure  soda.f  To  prevent  their  oxidation  still  more 
effectually,  Mr.  Pepys  has  proposed  to  produce  them  under  naph- 
tha; and  has  contrived  an  ingenious  apparatus  for  this  purpose, 
which  is  described  in  the  31st  volume  of  the  Philosophical  Maga- 
zine, page  241. 

When  the  globules,  obtained  either  from  potash  or  soda,  are  ex- 
posed to  the  action  of  air  over  mercury  in  graduated  glass  tubes,  an 
absorption  of  oxygen  happens ;  and  a  crust  of  alkali  is  formed  on 
the  surface,  which  defends  the  interior  from  farther  change. 
When  heat  is  applied  to  the  globules  similarly  confined,  a  rapid 
combustion  ensues,  attended  with  a  brilliant  white  flame.  The 
globules  are  found,  after  the  experiment,  converted  into  a  white 
substance ;  which  is  potash  when  we  have  used  those  from 
potash,  and  soda  when  the  globules  from  soda  have  been  em- 
ployed. In  this  process,  oxygen  is  absorbed,  and  the  weight 
of  the  alkali  produced  is  found  to  exceed  that  of  the  globules 
consumed. 

When  cither  of  these  substances  is  thrown  into  water,  a  rapid 
disengagement  of  hydrogen  gas  takes  place  ;  and  the  oxygen  of 
the  water,  uniting  with  the  globules,  regenerates  alkali. 

Nothing  then  can  be  more  satisfactory  than  the  evidence,  fur- 

*  For  the  repetition  of  this  experiment,  very  useful  practical  directions  may 
be  found  in  a  paper  by  Mr.  Singer — Nicholson's  Journal,  xxiv.  174. 

f  Even  in  the  purest  naphtha,  these  metallic  substances  soon  become  de- 
composed, or  covered  with  a  soapy  matter.  If  the  quantity  obtained  is  any  way 
considerable,  the  best  method  of  "preserving  them  is  to  put  them  into  a  small 
vial,  pressing  the  mass  down  tightly,  and  securing  with  a  cork  covered  with 
wax.  After  the  small  portion  of  oxygen  in  the  vial  is  absorbed,  no  further 
change  will  take  place.  I  have  thus  preserved  some,  now  nearly  eighteen 
months.    C 


154  ANALYSIS   OF    FIXED    ALKALIS.  CHAP.   VIII. 

nished  by  these  experiments,  of  the  nature  of  the  fixed  alkalis. 
By  the  powerful  agency  of  opposite  electricities,  each  of  them  is 
resolved  into  oxygen  and  a  peculiar  base.*  This  base,  like  other 
combustible  bodies,  is  repelled  by  positively  electrified  surfaces, 
and  attracted  by  negative  ones  ;  and  hence  its  own  natural  state  of 
electricity  must  necessarily  be  positive.  Again,  by  uniting  with 
oxygen,  these  bases  are  once  more  changed  into  alkali,  either 
slowly  at  ordinary  temperatures ;  or  with  heat  and  light,  if  their 
temperatures  be  raised.  We  have  the  evidence,  therefore,  both  of 
analysis  and  synthesis,  that  each  of  the  fixed  alkalies  is  a  compound 
of  oxygen  with  a  peculiar  inflammable  basis. 

But  in  what  class  of  combustible  bodies  are  we  to  arrange  the 
alkaline  bases  ?  Some  properties,  common  to  both,  have  influenced 
Sir  H.  Davy  to  place  them  among  the  metals,  with  which  they 
agree  in  opacity,  lustre,  malleability,  conducting  powers  as  to  heat 
and  electricity,  and  in  their  qualities  of  chemical  combination. 
The  only  property,  which  can  be  urged  against  this  arrangement, 
is  their  extreme  levity,  which  even  exceeds  that  of  water.  But 
when  we  compare  the  differences,  which  exist  among  the  metals 
themselves,  this  will  scarcely  be  considered  as  a  valid  objection. 
Thus  tellurium,  which  no  chemist  hesitates  to  consider  as  a  me- 
tal, is  only  about  six  times  heavier  than  the  base  of  soda,  while  it 
is  four  times  lighter  than  platina ;  thus  forming  a  sort  of  link  be- 
tween the  old  metals  and  the  bases  of  the  alkalis. 

In  giving  names  to  the  alkaline  bases.  Sir  H.  Davy  has  adopted 
that  termination,  which,  by  common  consent,  has  been  applied  to 
other  newly  discovered  metals,  and  which,  though  originally  Latin, 
is  now  naturalized  in  our  language.  The  base  of  potash  he 
has  called  potassium,  and  the  base  of  soda  sodium  ;  and  these 
names  have  met  with  universal  acceptation  among  chemical  philo- 
sophers. 

It  is  not,  however,  by  electrical  means  only  that  the  decomposi- 
tion of  the  fixed  alkalis  has  been  accomplished.  Soon  after  Sir  H. 
Davy's  discoveries  were  known  at  Paris,  Messrs.  Gay  Lussac  and 
Thenardt  succeeded  in  their  attempts  to  decompose  both  the  fixed 
alkalis,  without  the  aid  of  a  Voltaic  apparatus,  and  merely  by  the 
intervention  of  chemical  affinities.  Their  process,  though  it  af- 
fords the  alkaline  bases  of  less  purity,  yields  them  in  much  larger 
quantity  than  the  electrical  analysis,  viz.  to  the  amount  of  nearly 
400  grains  by  one  operation.  It  consists  in  bringing  the  alkalis 
into  contact  with  intensely  heated  iron,  which,  at  this  temperature, 
attracts  oxygen  more  strongly  than  the  alkaline  base  retains  it 

The  apparatus,  used  for  obtaining  potassium,  differs  very  little 
from  that  which  is  commonly  employed  to  decompose  water  by 


*  The  proportions  of  oxygen  and  base  in  each  will  be  found  at  the  end  of  the 
the  articles  Potassium  and  Sodium. 
■f  Annates  de  Chimie,  lxv.  325,  or  Memoires  d'Arcucil,  ii.  299. 
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means  of  iron.*  It  consists  of  a  common  gun-barrel  curved,  and 
drawn  out,  at  one  end,  to  rather  a  smaller  diameter,  as  represent- 
ed in  the  9  .h  plate,  fig.  S3,  c.  To  one  end  is  adapted  an  iron  tube 
«,  of  the 'capacity  of  two  cubic  inches,  for  containing  the  potash. 
At  the  bottom  of  this  tube  is  a  small  hole,  through  which  the  pot- 
ash gradually  flows.  To  the  opposite  end  of  the  gun-barrel  a  tube 
pf  safety  e  is  to  be  cemented  ;  and  into  this  a  sufficient  quantity 
poured,  either  of  mercury  or  naphtha.  Into  the  gun-barrel,  2  J 
parts  of  very  clean  iron  turnings  are  to  be  introduced,  and  pushed 
on  to  the  bent  part  c.  The  tube,  carefully  luted,  is  then  to  be- 
placed  in  a  small  furnace  nine  or  ten  inches  in  diameter,  and  pro- 
vided with  a  pair  of  double  blast  bellows,  the  pipe  from  which  is 
shown  at/.  The  next  step  is  to  insert  the  tube  a  in  its  place,  after 
having  put  into  it  12  parts  of  pure  potash,  deprived  of  as  much 
water  as  possible  by  previous  fusion.  The  whole  apparatus  should 
be  perfectly  dry,  clean,  and  impervious  to  air. 

A  strong  heat  is  now  to  be  excited  in  the  furnace  d ;  and  while 
this  is  doing,  the  tube  containing  the  potash,  as  well  as  the  oppo- 
site end  of  the  barrel,  should  be  kept  cool  by  ice.  When  the  bar- 
rel has  attained  a  white  heat,  the  potash  in  a  may  be  melted  by  a 
small  portable  furnace.  It  will  then  flow,  through  the  small  hole, 
upon  the  iron  turnings.  A  considerable  quantity  of  hydrogen  gas 
will  be  evolved  by  the  decomposition  of  that  portion  of  water,  which 
the  potash  retains  even  after  fusion,  and  which  has  been  shown  to 
exceed  13  per  cent.  When  the  production  of  this  gas  slackens, 
we  may  remove  the  small  furnace  from  beneath  the  tube  «,  and  in- 
crease the  heat  in  the  furnace  rf,  in  order  to  restore  to  the  iron 
turnings  at  c  the  temperature  proper  for  decomposing  more  potash. 
These  operations  may  be  repeated,  alternately,  till  no  more  gas  is 
produced ;  but  last  of  all,  the  heat  in  the  furnace  should  be  strong- 
ly raised,  in  order  to  drive  off  some  of  the  potassium,  which  strong- 
ly adheres  to  the  iron  turnings. 

When  the  furnace  is  quite  cold,  the  safety  tube  e  is  to  be  re- 
moved, and  its  place  supplied  by  an  iron  plug.  If  the  end  of  the 
gun-barrel,  projecting  from  this  side  of  the  furnace,  has  been  kept 

*  Hachette  in  Philosophical  Magazine,  xxxii.  89;  and  Mr.  E.  Davy,  ditto, 
page  276.  Ample  details  respecting-  the  preparation  of  potassium  arc  also 
given  in  the  1st  vol.  of  Gay  Lussac  and  Thenard's  Recherches  Physico-Chimi- 
ques ;  and  a  simple  and  ingenious  apparatus,  for  procuring  this  metal,  is  de- 
scribed by  Mr.  Tennant  in  the  Phil.  Trans,  for  1814.     (*) 

(*)  This  method  is  to  put  the  potash  and  iron  turnings  together  into  a  gun-bar- 
rel about  a  foot  and  a  half  long,  and  covered  with  a  lute  composed  of  Stour- 
bridge day,- partly  in  its  natural  state,  and  partly  previously  baked.  Into  'lie 
mouth  of  the  gun-barrel  another  iron  tube  about  8  inches  long  is  to  bn  put,  per- 
forated at  the  lower  extremity,  and  having  its  upper  end  projecting  about  an 
inch  beyond  the  gun-barrel.  The  mouth  of  the  gun-barrel  is  shut  by  a...  ther 
tube  which  slips  over  it.  The  mouth  oi  it  i:,  filled  by  a  perforated  cork,  th  •  mgh 
which  there  passes  a  bent  glass  tube,  hiving  in  it  a  drop  of  mercury.  ':  .p. 
paratus  being  exposed  to  a  strong  heat  for  an  hour  in  a  smith's  forge,  the  po- 
tassium is  found  perfectly  pure  in  the  upper  perforated  iron  tube.  Annals  of 
Philosophy,  6,  139.    C 

Another  method  is  described  by  Dr.  Hamel  in  the  5th  vol.  349,  of  the  An.  of 
Phiios.    C. 
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carefully  cooled  during  the  experiment,  the  metal  will  be  found  ad- 
hering to  it,  in  the  form  of  brilliant  laminae.  In  order  to  extract 
it,  the  gun-barrel  is  to  be  cut  at  the  commencement  of  the  part 
which  has  been  kept  cool,  where  the  greatest  quantity  will  be 
found.  Another  portion  will  be  found  close  to  the  plug,  and  this 
adheres  so  slightly  to  the  gun-barrel,  that  the  least  effort  serves  to 
detach  it.  It  is  even  partly  oxidized  by  the  air,  which  gains  ac- 
cess during  the  cooling  of  the  furnace  ;  and  when  the  whole  is  co- 
vered with  naphtha,  the.  oxidized  part  is  detached  in  laminae,  ex- 
posing a  white  and  brilliant  metallic  surface. 

The  potassium,  which  is  condensed  nearest  the  furnace,  must  be 
detached  by  a  sharp  chisel,  and  in  the  largest  pieces  we  can  pos- 
sibly break  off;  for  if  it  be  in  small  molecules,  it  inflames  in  the 
air,  even  at  very  low  temperatures.  In  the  middle  of  the  gun-bar- 
rel we  shall  find  an  amalgam  of  potassium  and  iron,  which  becomes 
green  on  exposure  to  the  air,  the  potassium  returning  to  the  state 
of  potash. 

When  the  iron  turnings  were  very  clean,  the  potash  very  dry 
and  pure,  and  the  whole  apparatus  free  from  foreign  matters,  the 
metal  produced  differed  very  little  from  that  obtained  by  a  Voltaic 
battery.  Its  lustre,  ductility,  and  malleability  were  similar.  Its 
point  of  fusion  and  specific  gravity,  however,  were  a  little  higher; 
for  it  required  nearly  130°  Fahrenheit,  to  render  it  perfectly  fluid, 
and  was  to  water  as  796  to'  1000  at  60°  Fahrenheit.  This  Sir  H. 
Davy  ascribes  to  contamination  with  a  minute  proportion  of  iron. 
The  affinities,  indeed,  by  which  the  decomposition  is  produced, 
he  supposes  to  be  those  of  iron  for  oxygen,  of  iron  for  potassium, 
and  of  potassium  for  hydrogen. 

Charcoal,  it  has  been  asserted  by  Curaudau*  may  be  employed, 
also,  for  the  decomposition  of  the  alkalis.  To  ensure  success  in 
the  process,  great  attention,  it  appears,  is  necessary  to  the  manipu- 
lations, which  are  fully  described  in  the  memoir  of  the  inventor. 
The  fact  sufficiently  explains  an  observation  of  Professor  Wood- 
house.t  A  mixture  of  half  a  pound  of  soot  and  two  ounces  of 
pea.-1-ash,  was  exposed  for  two  hours  in  a  covered  crucible  to  an 
intense  heat.  When  the  mixture  became  cold  it  was  emptied 
upon  a  plate,  and  a  small  quantity  of  water  poured  upon  it,  when  it 
immediately  took  fire.  This  could  only  be  owing  to  the  conver- 
sion of  part  of  the  potash  into  potassium. 

Art.  3.— Potassium. 

I.  The  base  of  potash,  at  60°  Fahrenheit,  exists  in  small  glo- 
bules, which  possess  the  metallic  lustre,  opacity,  and  general  ap- 
pearance of  men  ury ;  so  that  when  a  globule  of  mercury  is 
placed  near  one  of  potassium,  the  eye  can  discover  no  difference 
between  them.  At  this  temperature,  however,  the  metal  is  only 
imperfectly  fluid;  at  7o°  it  becomes  more  fluid;  and  at  150°  its 

•  Nicholson's  Journal,  xxiv.  37-  f  ibid,  xxi.  290. 
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fluidity  is  so  perfect,  that  several  globules  may  easily  be  made  to 
run  into  one. 

By  reducing  its  temperature,  potassium  becomes,  at  50°  Fahren- 
heit, a  soft  and  malleable  solid,  which  has  the  lustre  oi  polished 
silver.  Al  about  the  freezing  point  of  water,  it  becomes  hard  and 
brittle,  and  exhibits,  when  broken,  a  crystallized  texture,  which,  in 
the  microscope,  seems  composed  of  beautiful  facets  of  a  perfect 
whiteness  and  high  metallic  splendour. 

To  be  converted  into  vapour,  it  requires  a  temperature  approach- 
ing that  of  a  red  heat ;  and,  when  the  experiment  is  conducted 
under  proper  circumstances,  it  is  found  unaltered  after  distilla- 
tion. 

II.  Pot.  ssium  is  a  perfect  conductor  both  of  electricity  and  of 
heat. 

III.  Its  specific  gravity  at  60°  Fahrenheit,  making  some  allow- 
ance for  unavoidable  errors  in  the  experiment,  is  as  6  to  10,  the  lat- 
ter i. umber  being  assumed  as  that  of  water.  Gay  Lussac  and  The- 
narU  make  it  between  8  and  9,  and  Bucholz  8  76;  but  they  proba- 
bly operated  on  a  less  pure  substance.  Even  in  its  solid  form,  it 
swims  in  naphtha,  whose  specific  gravity  is  about  7J  to  10.  The 
most  recent  statement  of  its  specific  gravity,  by  Sir  H.  Davy,  fixes 
it  between  8  and  9. 

IV.  Its  combustibility  has  already  been  noticed.  At  the  tem- 
perature of  the  atmosphere,  it  absorbs  oxygen  slowly  ;  but  if  heat- 
ed nearly  to  redness,  or  to  its  point  of  vaporization,  it  burns  with  a 
brilliant  white  flame  and  a  very  intense  heat. 

V.  It  appears  to  be  susceptible  of  different  degrees  or  stages  of 
oxidizement.  lstly,  By  heating  it  to  a  point,  below  what  is  neces- 
sary for  its  inflammation,  either  in  common  air  or  oxygen  gas;  or, 
(which  is  still  better,)  by  confining  it, for  some  days,  in  an  empty  phial 
loosely  corked,  a  substance  is  formed  of  a  bluish  grey  colour,  soft- 
er than  wax,  and  readily  fusible.  This  substance  takes  fire  in  oxy- 
gen gas,  or  even  common  air,  at  about  70°  Fahrenheit,  and  acts  on 
water,  giving  out  hydrogen,  but  in  less  quantity  than  is  extricated 
by  potassium. 

2.  The  second  oxide  is  potash,  which  is  most  effectually  pro- 
duced by  the  action  of  potassium  on  water. 

3.  Potassium,  gently  heated  on  a  platina  tray  in  oxygen  gas, 
gives,  for  the  result  of  its  combustion,  an  orange  coloured  fusible 
substance.  It  is  necessary  to  protect  the  platina  from  its  action, 
by  dipping  the  tray,  before  the  experiment,  into  muriate  of  potash 
melted  by  heat.  The  precise  nature  of  this  compound  was  first 
explained,  and  its  properties  examined,  by  Gay  Lussac  and  Thc- 
nard.  It  is  fusible  at  a  lower  heat  than  hydrate  of  potash,  and 
crystallizes  in  laminse  by  cooling.  When  thrown  into  water,  oxy- 
gen gas  is  evolved,  and  the  substance  passes,  by  this  loss  of  oxy- 
gen, to  the  state  of  potash.  Oxygen  gas  is,  also,  separated,  by 
heating  it  strongly  on  a  platina  tray  coated  with  muriate  of  potash ; 
and  a  grey  vitreous  substance  remains,  which  Sir  H.  Davy  consi- 
ders as  absolutely  pure  potash.  Almost  all  bodies,  that  have  an  at- 
traction for  oxygen,  decompose  this  orange  oxide,  and  reduce  it  to 
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the  state  of  potash,  which,  in  some  cases,  combines  with  the  new 
compound.  Charcoal,  lor  example,  with  the  excess  of  oxygen  in 
the  orange  substance,  forms  carbonic  acid ;  and  this  acid,  uniting 
with  the  potash  that  is  produced,  composes  carbonate  of  potash. 

VI.  The  action  of  potassium  on  water  is  attended  with  some 
beautiful  phenomena.  When  it  is  thrown  upon  water  exposed  to 
the  atmosphere,  or  when  it  is  brought  into  contact  with  a  drop  of 
water,  it  decomposes  the  water  with  great  violence  ;  an  instanta- 
neous explosion  is  produced  with  a  vehement  flame  ;  and  a  solu- 
tion of  pure  potash  is  the  result.  The  hydrogen  gas,  which  is  dis- 
engaged, appears  to  dissolve  a  portion  of  potassium  ;  for,  on  escap- 
ing into  the  air,  it  forms  a  white  ring  of  smoke,  gradually  enlarging 
as  it  ascends,  like  the  phosphuretted  hydrogen  gas. 

When  water  is  made  to  act  on  the  base  of  potash,  atmospheric 
air  being  excluded,  there  is  much  heat  and  noise,  but  no  luminous 
appearance  ;  and  the  gas  evolved  is  pure  hydrogen.  It  is  of  im- 
portance to  remember  that  each  grain  of  potassium,  by  acting  on 
water,  detaches  about  1.06  cubic  inch  of  hydrogen  gas. 

If  a  globule  of  the  base  of  potash  be  placed  on  ice,  it  instantly 
burns  with  a  bright  flame,  and  a  deep  hole  is  made  in  the  ice  filled 
with  a  fluid  which  is  found  to  be  a  solution  of  potash. 

The  production  of  alkali,  by  the  action  of  water  on  potassium,  is 
most  satisfactorily  shown,  by  dropping  a  globule  of  the  metal  up- 
on moistened  paper,  which  has  been  tinged  with  turmeric.  At  the 
moment,  when  the  globule  comes  into  contact  with  the  paper,  it 
burns,  and  moves  rapidly  as  if  in  search  of  moisture,  leaving  be- 
hind it  a  deep  reddish  brown  trace,  and  acting  upon  the  paper,  ex- 
actly like  dry  caustic  potash. 

So  strong,  indeed,  is  the  affinity  of  potassium  for  oxygejn,  that 
it  discovers  and  decomposes  the  small  quantities  of  water  contain- 
ed in  alcohol  and  ether,  even  when  carefully  purified,  and  disen- 
gages, from  both  these  fluids,  hydrogen  gas. 

On  naphtha  colourless  and  recently  distilled,  potassium  has  very 
little  power  of  action  ;  but  in  naphtha,  which  has  been  exposed  to 
the  air,  it  soon  oxidates,  and  alkali  is  formed,  which  unites  with 
the  naphtha  into  a  brown  soap,  that  collects  round  the  globules. 

VII.  When  thrown  into  the  liquid  mineral  acids,  the  base  of 
potash  inflames,  and  burns  on  the  surface ;  or,  if  kept  beneath  the 
surface,  its  effects  are  such  as  may  be  explained  by  its  affinity  for 
oxygen.  In  concentrated  sulphuric  acid,  a  white  saline  substance 
is  formed,  which  is  probably  concentrated  sulphuric  acid  surround- 
ed  by  sulphur.  At  the  same  time  a  gas  escapes  which  has  the 
smell  of  sulphureous  acid  mixed  with  hydrogen  gas.  In  nitrous 
acid,  nitrous  gas  is  disengaged,  and  nitrate  of  potash  formed.  In 
oxymuriatic  acid  gas,  it  burns  vividly  with  bright  scintillations,  and 
muriate  of  potash  is  generated. 

VIII.  Potassium  readily  combines  with  the  simple  combustibles. 
To  unite  it  with  sulphur  or  phosphorus,  it  must  be  melted  with 
these  bodies  under  naphtha. 

The  fihosfihuret  of  fiotassium  requires  for  its  fusion  a  stronger 
heat  than  either  of  its  constituents.    It  is  of  the  colour  of  lead  ; 
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and,  when  spread  out,  has  a  lustre  similar  to  polished  lead.  By  ex- 
posure to  the  air,  or  by  rapid  combustion,  it  forms  phosphate  of 
potash.  Besides  this,  there  is,  also,  a  chocolate  coloured  compound 
of  potassium  and  phosphorus ;  so  that  it  is  probabie  these  two  bo- 
dies unite  in  different  proportions,  the  lead  coloured  compound 
consisting  of  2  atoms  ot  metal  +  1  of  phosphorus ;  and  the  cho- 
colate of  1  atom  of  metal  +  1  of  phosphorus. 

When  potassium  is  fused  with  sulphur,  in  a  vessel  filled  with 
the  vapour  ot  naphtha,  a  rapid  combination  ensues,  accompanied 
with  heat  and  light,*  and  a  disengagement  of  sulphuretted  hydro- 
gen. The  result  is  a  grey  substance  not  unlike  artificial  suiphuret 
of  iron. 

IX.  With  mercury,  potassium  gives  some  extraordinary  and 
beautiful  results.  The  combination  is  very  rapid,  and  is  effected 
by  merely  bringing  them  into  contact  at  the  temperature  of  the  at- 
mosphere.t  The  amalgam,  in  which  the  potassium  is  in  least  pro- 
portion, seems  to  consist  of  about  I  part  in  weight  of  basis  and  70 
of  mercury.  It  is  very  soft  and  malleable  ;  but  by  increasing  the 
proportion  of  potassium,  we  augment,  in  a  proportional  degree,  the 
solidity  and  brittleness  of  the  compound. 

The  compound  of  mercury  and  potassium  may  be  obtained  by 
an  easy  and  simple  process,  first  pointed  out  by  Berzehus.  Mer- 
cury, to  the  depth  of  a  line,  is  put  into  a  glass  capsule,  two  inches 
in  diameter,  with  a  flat  bottom.  On  this  a  solution  of  pure  potash 
is  poured ;  an  iron  wire  connects  the  mercury  with  the  negative 
pole  of  a  galvanic  arrangement,  which  needs  not  contain  more 
than  20  pairs  of  plates ;  and  a  spiral  platina  wire,  from  the  posi- 
tive pole,  is  immersed' in  the  solution,  and  kept  within  about  a  line 
from  the  surface  of  the  mercury.  In  six  hours,  the  effect  is  ob- 
servable, and  in  24  is  very  distinct;  for,  in  that  time,  more  than 
1200  grains  of  mercury  will  be  rendered  solid  by  combination  with 
potassium.  Unfortunately,  this  combination  cannot  be  so  decom- 
posed, as  to  obtain  the  potassium  in  a  separate  state. 

In  this  state  of  division,  potassium  appears  to  have  its  affinity 
for  oxygen  considerably  increased.  By  a  few  minutes'  exposure 
to  the  air,  potash  is  formed  which  deliquiates,  and  the  mercury  is 
left  pure  and  unaltered.  When  a  globule  is  thrown  into  water,  it 
produces  a  rapid  decomposition  and  a  hissing  noise;  potash  is 
formed;  pure  hydrogen  disengaged;  and  the  mercury  remains 
free. 

The  fluid  amalgam  of  potassium  and  mercury  dissolves  all  the 
metals  ;  and  in  this  state  of  union,  mercuiy  even  acquires  the  pow- 
er of  acting  on  platina. 

Potassium  unites,  also,  with  gold,  silver,  and  copper;  and,  when 
the  compounds  are  thrown  into  water,  this  fluid  is  decomposed, 
potash  is  iormed,  and  the  metals  are  separated  unaltered. 

X.  Potassium  reduces  all  the  metallic  oxides  when  heated  with 

From  whence  do  they  arise  ? — Here  is  no  oxygen  for  decomposition  !     C. 
f  I  have  i  ried  this  experiment  several  times,  but  never  found  the  combina- 
tion a  very  rapid  one.    C. 
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them,  even  of  those  metals  which  most  powerfully  attract  oxygen, 
such  as  oxides  ol  iron.  In  consequence  of  this  property,  ii  de- 
composes ana  corrodes  flint  and  green  glass  by  a  very  gentle  heat; 
potash  is  generated  with  the  oxygen  taken  trom  the  metal,  which 
dissolves  tiie  glass  and  exposes  a  new  surface.  At  a  red  heat  even 
the  purest  glass,  formed  merely  of  potash  and  silex,  is  acted  upon. 
The  alkali  in  the  glass  seems  to  give  up  a  part  of  its  oxygen  to  the 
potassium,  and  an  oxide  of  potassium  results,  with  a  less  propor- 
tion of  oxygen  than  is  necessary  to  constitute  potash.  The  silex, 
also,  it  is  probable,  is  partly  de-oxidized. 

From  this  summary  of  the  action  of  potassium,  it  appears  that 
all  the  most  remarkable  effects  which  it  exhibits,  are  connected 
with  its  affinity  for  oxygen,  which  is  sufficiently  energetic  to  enable 
it  to  take  oxygen  from  all  other  bodies.  Hence  the  application  of 
potassium  to  any  substance  is  the  best  test  of  its  containing  oxy- 
gen, which,  if  present,  it  cannot  fail  to  detect. 

It  was  important  to  determine  the  proportions  in  which  potas- 
sium and  oxygen  combine,  when  potash  is  regenerated  This  Sir 
H.  Davy  investigated  by  two  different  processes.  The  one  con- 
sisted in  ascertaining  how  much  oxygen  gas  disappears  by  the  ac- 
tion of  a  given  quantity  of  potassium  ;  the  other  how  much  hydro- 
gen is  disengaged  from  water  by  a  known  weight  of  the  same  sub- 
stance. Dividing  the  bulk  of  the  hydrogen  gas  by  2,  he  learned 
the  quantity  of  oxygen  which  had  been  taken  from  the  water. 

The  coincidence  of  results,  obtained  by  these  different  methods, 
is  remarkable.  By  the  action  of  potassium  on  oxygen  gas,  it  ap- 
peared, on  an  average,  that 

Potash  consists  of   5   !?'!  P°taSsium' 
I    13.9  oxygen. 

100 

By  the  agency  of  water,  the  proportions  differed  only  by  a  small 
fraction,  so  that  we  may  state  in  round  numbers  that  the  base  is  to 
the  oxygen  as  six  to  one,  or  that 

Potassium  is  composed  of   5    f6  potassium, 
1  £    14  oxygen. 

100 

Subsequent  experiments,  however,  have  made  some  change  ne- 
cessary in  these  numbers.  Gay  Lussac  and  Thenard  found,  that 
100  parts  by  weight  of  potassium  take  19.945  of  oxygen  from  wa- 
ter ;  and  Sir  H.  Davy,  by  the  action  of  8  grains  of  potassium  on 
water,  obtained,  on  an  average,  9£  cubic  inches  of  hydrogen  gas, 
showing  that4|  cubic  inches  (=  1.61  grains)  of  oxygen  had  com- 
bined with  the  metal.  Berzelius  investigated  the  composition  of 
potash,  by  exposing  an  amalgam  of  potassium  and  mercury,  con- 
taining known  proportions  of  those  metals,  to  water ;  saturating  the 
potash  with  muriatic  acid ;  and  determining  its  weight  by  the  mu- 
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riate  of  potash  formed.*  The  following  table  shows  the  propor- 
tions of  potassium  and  oxygen  in  100  grains  of  potash,  as  deduced 
from  these  different  authorities.  One  hundred  grains  of  potash 
contain, 


Potassium. 

According  to  Sir  H.  Davy 83.2 

Gay  Lussac 83.37 


Oxygen. 

16:8 

16.63 


Berzelius 82.97     i     17.03 


If  deduced  from  the  atomic  theory,  the  true  proportions  should 
be  85  of  potassium  to  15  oxygen,  numbers  very  near  those  origi- 
nally obtained  by  Sii  H.  Davy.  It  is  probable,  indeed,  that  sources 
of  inaccuracy  may  exist  in  the  experiments,  sufficient  to  account 
for  this  small  deviation  from  theory  ;  and  that  potash  is  a  compound 
of  1  atom  of  potassium  weighing  42.5  with  1  atom  of  oxygen 
weighing  7.5.  Hence  the  weight  of  the  atom  ot  potash  will  be  50; 
and  an  atom  of  water  (8.5)  being  added,  the  atom  of  hydrate  of  pot- 
ash will  weigh  58-5. 

It  is  doubtful  whether  the  grey  compound,  (mentioned  in  §  v.) 
be  a  true  sub-oxide  of  fwtassium,  or  merely  a  mixture  of  potash 
with  potassium.  If  the  former,  it  must  consist  of  two  atoms  of  po- 
tassium (85)  with  one  atom  of  oxygen  (7.5)  =  92.5.  But  the  latter 
view  of  its  nature  is  the  most  probable  one. 

The  composition  of  the  orange  oxide  cannot  be  assigned,  from 
the  quantity  of  oxygen,  absorbed  in  the  experiments,  by  which  it 
is  produced  ;  for  in  eight  results,  obtained  by  Gay  Lussac  and  The- 
nard,  there  is  not  a  sufficient  agreement  to  decide  this  point.  It 
seems  probable  that  the  oxygen,  which  converts  potassium  into  this 
substance,  is  twice  that  which  converts  it  into  potash;  and  that  the 
orange  oxide  consists  of  1  atom  of  potassium  =  42.5,  -f  2  atoms 
of  oxygen  =  15,  which  would  make  the  weight  of  the  atom  of 
orange  oxide  57.5 

Potassuretcd  Hydrogen  Gas. 

This  name  I  would  propose  for  the  solution  of  potassium  in  hydro- 
gen gas,  which,  it  has  already  been  stated,  results  from  the  action 
of  potassium  on  water,  and,  as  appears  from  Sir  H.  Davy's  experi- 
ments, may  be  formed,  directly,  by  heating  the  metal  in  hydrogen 
gas.  A  large  portion  of  potassium  is  thus  dissolved  ;  but  the 
greater  part  precipitates  on  cooling. 

This  gas  is  spontaneously  inflammable  in  the  atmosphere  ;  burns 
with  a  very  brilliant  tight,  which  is  purple  at  the  edges  ;  and  throws 
off  dense  vapours  of  potash.  If  loses  its  inflammability  by  keep- 
in^  ;  is  heavier  than  hydrogen  gas  ;  and  is  very  dilatable  by  elec- 
tricity. Beside  the  gas,  which  is  spontaneously  combustible,  there 
is  also  according  to  Sementini,  another  compound  of  potassium 
and  hydrogen,  which  is  not  possessed  of  this  property,  and  proba- 
bly contains  a  less  proportion  of  the  combustible  metal. 

*  80  An.deChim.245. 
x 
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Gay  Lussac  and  Thenard  *  have  succeeded,  also,  in  forming  a  so- 
lid compound  of  potassium  and  hydrogen.  The  process  consists 
in  heating  the  metal  in  hydrogen  gas  ;  and  the  only  difficulty  is  to 
regulate  the  heat,  for  a  high  temperature  decomposes  the  com- 
pound. The  flame  of  a  spirit  lamp,  applied  to  potassium,  in  a  re- 
tort filled  with  hydrogen  gas,  occasions  an  absorption  of  the  gas, 
and  the  formation  of  a  solid  hydruret  of  potassium. 

The  colour  of  this  substance  is  grey  ;  it  is  destitute  of  metallic 
lustre  ;  and  is  infusible.  It  is  not  inflammable,  either  in  air  or  in 
oxygen  gas,  at  common  temperatures  ;  but  burns  vividly  at  a  high 
one.  When  strongly  heated  in  a  close  vessel,  it  is  totally  decom- 
posed ;  all  the  hydrogen  it  contains  is  liberated  in  the  state  of  gas  ; 
and  the  potassium  remains.  When  brought  into  contact  with  heat- 
ed mercury,  hydrogen  gas  is  evolved,  and  an  amalgam  of  potas- 
sium and  mercury  is  produced. 

Nitrogen  gas  has  not,  at  any  temperature,  any  action  on  potas- 
sium. 

Art.  4. —  Sodium. 

The  base  of  soda  agrees,  in  many  of  its  properties,  with  the  base 
of  potash,  and  exerts  on  several  bodies  a  precisely  similar  action, 
except  that  the  results  are  compounds  of  soda  instead  of  pot- 
ash. Thus  with  nitric  acid  it  affords  nitrate  of  soda;  with  oxy- 
muriatic  acid,  muriate  of  soda.  In  this  place,  therefore,  I  shall 
describe  only  such  of  its  properties  as  are  peculiar  to  and  character- 
istic of  it. 

I.  Sodium,  at  common  temperatures,  exists  in  a  solid  form.  It 
is  white,  opaque  ;  and,  when  examined  under  a  thin  film  ol  naph- 
tha, has  the  lustre  and  general  appearance  of  silver.  It  is  exceed- 
ingly malleable,  and  much  softer  than  any  of  the  common  metallic 
substances.  When  pressed  upon  by  a  platina  blade  with  a  small 
force,  it  spreads  into  thin  leaves ;  and  a  globule  of  -J^th  or  TLth  of 
an  inch  in  diameter  is  easily  spread  over  a  surface  of  a  quarter  of 
an  inch.  This  property  is  not  diminished,  by  cooling  it  to  32°  Fah- 
renheit. Several  globules,  also,  may,  by  strong  pressure,  be  forced 
into  one ;  so  that  the  property  of  welding,  which  belongs  to  platina 
and  iron  at  a  strong  heat  only,  is  possessed  by  this  substance  at 
common  temperatures. 

II.  It  is  lighter  than  water.  As  near  as  can  be  determined,  its 
specific  gravity  is  as  0.9348  to  1. 

III.  It  is  much  less  fusible  than  the  base  of  potash.  At  120°  Fah- 
renheit, it  begins  to  lose  its  cohesion,  and  it  is  a  perfect  fluid  at 
about  180°    Hence  it  readily  fuses  under  heated  naphtha. 

IV.  Its  point  of  vaporization  has  not  been  ascertained  ;  but  it 
remains  fixed,  in  a  state  of  ignition,  at  the  point  of  fusion  of  plate 
glass. 

V.  When  sodium  is  exposed  to  the  atmosphere,  it  imme- 
diately tarnishes,  and  by  degrees   becomes  covered  with  a  white 

*  Itechevches>  %•  176. 
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crust  of  soda,  which  deliquiates  more  slowly  than  that  formed  on 
potassium. 

VI.  It  combines  with  oxygen,  slowly  and  without  luminous  ap- 
pearance, at  all  common  temperatures.  When  heated,  the  combi- 
nation becomes  more  rapid  ;  but  no  light  is  emitted  till  it  becomes 
nearly  red  hot.  The  flame  which  it  then  produces  is  white,  and 
it  sends  forth  bright  sparks,  exhibiting  a  very  beautiful  effect.  In 
common  air,  it  burns  with  a  similar  colour  to  charcoal,  but  of  much 
greater  splendor. 

VII.  When  thrown  into  water,  it  produces  a  violent  effervescence 
and  a  loud  hissing  noise  ;  it  combines  with  the  oxygen  ot  the  water 
to  form  soda  ;  and  hydrogen  gas  is  evolved,  which  does  not,  how- 
ever, as  in  the  case  of  potassium,  hold  any  of  the  alkaline  base  in 
solution.  Neither  can  sodium  be  made  to  dissolve  in  hydrogen  gas, 
by  being  heated  in  contact  with  it. 

When  thrown  into  hot  water,  the  decomposition  is  more  violent, 
and  in  this  case  a  few  scintillations  are  generally  observed  at  the 
surface  fluid ;  but  this  is  owing  to  small  particles  of  the  base, 
which  are  ejected  from  the  water,  sufficiently  heated  to  burn  in 
passing  through  the  atmosphere. 

VIII.  Its  action  on  alcohol, ether,  volatile  oils,  and  acids,  is  simi- 
lar to  that  of  potassium;  but  with  nitric  acid  a  vivid  inflammation 
is  produced. 

IX.  Sodium  appears  to  be  susceptible  of  different  degrees  of 
oxydation.  1st.  When  it  is  fused  with  dry  soda,  a  partition  of  oxy- 
gen takes  place  between  the  alkali  and  the  metal.  A  deep  brown 
fluid  is  produced,  which  becomes  a  dark  grey  solid  on  cooling. 
This  substance  is  capable  of  attracting  oxygen  from  the  atmo- 
sphere, and  of  decomposing  water,  by  which  it  is  again  converted 
into  soda.  The  same  oxide  of  sodium  is  formed,  by  fusing  this  me- 
tal in  tubes  of  plate  glass. 

It  is  of  a  greyish  colour,  destitute  of  lustre,  brittle,  and  gives 
hydrogen  when  acted  on  by  water,  but  less  than  an  equal  weight 
of  sodium.  It  may,  "however,  be  doubted,  whether  this  is  a  com- 
pound of  sodium  and  oxygen,  or  merely  a  mixture  of  the  metal 
with  soda. 

2d.  The  second  oxide  of  sodium  (or  first,  if  the  one  which  has 
been  just  described  be  only  a  mechanical  mixture)  is  soda.  It 
may  be  formed  by  burning  sodium,  in  a  quantity  of  air  containing 
just  oxygen  enough  to  convert  the  metal  into  alkali.  It  is  of  a  grey 
colour;  of  a  vitreous  fracture;  and  requires  a  strong  red  heat  for 
its  fusion.  Water  is  absorbed  by  it  with  violence,  and  converts  it 
into  hydrate  of  soda. 

3d.  The  orange  oxide  of  sodium  may  be  formed,  by  burning  the 
metal  with  an  excess  of  oxygen.  It  is  of  a  deep  orange  colour,  very 
fusible,  and  a  non-conductor  of  electricity.  When  acted  on  by  wa- 
ter, its  excess  of  oxygen  escapes,  and  it  becomes  soda.  It  defla- 
grates with  most  combustible  bodies. 

X.  There  is  scarcely  any  difference  between  the  visible  pheno- 
mena attending  the  action  of  the  base  of  soda,  and  that  of  potash 
on  sulphur,  phosphorus,  and  the  metals.   The  sulphuret  of  sodium 


. 


164  AMMONIA.  CHAP.  Vllt. 

has  a  deep  grey  colour ;  the  phosphuret  resembles  lead.  Added 
to  mercury  in  the  proportion  of  ^th,  it  renders  that  metal  a  fixed 
solid  ot  the  colour  of  silver,  and  the  combination  is  attended  with  a 
considerable  degree  of  heat.  The  amalgam  seems,  like  that  of 
potassium,  to  form  triple  compounds  with  other  metals,  and  even 
with  iron  and  platina,  which  remain  united  with  the  mercury,  when 
it  is  deprived  of  the  new  metal  by  the  action  of  air. 

The  proportions  in  which  this  base  unites  with  oxygen  to  form 
soda  were  investigated  by  the  methods  already  described  in  the 
article  potassium  The  results  of  Sir  H.  Davy;  of  Gay  Lussac 
and  Thenard  ;  and  of  Berzelius,  are  given  in  the  following  table  : 


Sodium. 
Per  Davy  (1807)  100  soda  contain    ....     77.7 

—  Ditto  (1811) 74  6 

—  Gay  Lussac ■  74  63 

—  Berzelius* '     .     .     .     74.29 


Oxygen. 
22.3 
25.4 
25.37 
27.71 


The  proportions  that  would  best  accord  with  the  atomic  theory, 
are  77.5  of  sodium  to  22.5  of  oxygen  ;  for  this  last  number  agrees 
with  the  weight  of  three  atoms  of  oxygen.  And  on  the  supposi- 
tion that  soda  is  a  compound  of  1  atom  of  sodium  -f  I  atom  of  oxy- 
gen, by  dividing  77.5  by  3  we  should  obtain  the  weight  of  the  atom 
of  sodium,  viz.  25.8.  In  this  case  the  atom  of  soda  would  weigh 
33.3,  and  the  atom  of  hydrate  of  soda  41.8.  The  number,  assumed 
by  Dr.  Wollaston  to  represent  sodium,  (oxygen  being  10)  is  29.1; 
and  soda  will,  therefore,  be  denoted,  on  his  scale,  by  29.1  -f  10  = 
39.1. 


SECTION  II. 

Pure  Ammonia. 
Aut.  1. — Preparation  and  Qualities  of  Ammonia. 

I.  Ammonia,  in  its  purest  form,  subsists  in  the  state  of  a  gas. 
In  order  to  procure  it,  one  of  the  following  processes  may  be  em- 
ployed. 

(a)  Mix  together  equal  parts  of  muriate  of  ammonia  and  dry  quick- 
lime, each  separately  powdered  ;  and  introduce  them  into  a  small  gas 
bottle  or  retort.  Apply  the  heat  of  a  lamp  ;  and  receive  the  gas,  that 
is  liberated,  over  mercury. 

(6)  To  a  saturated  solution  of  ammonia  in  water,  or  the  pure 
liquid  ammonia,  in  a  gas  bottle,  apply  the  heat  of  a  lamp  ;  and  col- 
lect the  gas,  as  in  a. 

II.  This  gas  has  the  following  properties  : 
(a)  It  has  a  strong  and  very  pungent  smell. 

•  80  An,  Ch.  251. 
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(b)  It  immediately  extinguishes  flame  ;  and  is  fatal  to  animals. 
Before,  however,  a  candle  is  extinguished,  by  immersion  in  this 
gas,  the  flame  is  enlarged,  by  the  addition  of  another,  of  a  pale  yellow 
colour,  which  descends  from  the  mouth  to  the  bottom  of  the  jar.  If 
the  flame  of  the  candle  be  only  in  part  immersed  in  the  gas,  this 
yellowish  flame  rises  a  few  lines  above  the  other. 

(c)Itis  lighter  than  atmospheric  air.  Hence  ajar  filled  with  this 
gas/and  placed  with  its  mouth  upwards,  is  soon  found  to  change 
its  contents  for  common  air,  which,  being  heavier,  descends,  and 
displaces  the  ammoniacal  gas.  By  the  recent  experiments  of 
Messrs.  Allen  and  Pepys,*  undertaken  at  the  desire  of  Sir  H.  Davy, 
100  cubic  inches  of  ammonia  weigh  18.18  grains,  barometer  50°, 
thermometer  60°.  According  to  Gay  Lussac,  its  specific  gravity 
is  to  that  of  common  air  as  0.596  to  10;  and  hence  (taking  100 
cubic  inches  of  air  at  30.5  grains)  100  cubic  inches  of  ammonia 
weigh  18.17  grains.  Mr.  Dalton  assumes,  that  at  a  mean  tempera- 
ture and  pressure,  lOu  cubic  inches  weigh  18.6  grains;  and  hence 
that  its  specific  gravity  is  6,  air  being  10.  It  does  not  appear  that 
in  any  of  these  trials,  the  gas  was  artificially  dried.  To  effect  its 
desiccation,  potash  or  quicklime  are  best  adapted,  for  dry  muriate 
of  lime  absorbs  it  rapidly. 

(d)  Ammoniacal  gas  is  not  sufficiently  inflammable  to  burn  when 
in  contact  with  common  air.  But,  when  expelled  from  the  extre- 
mity of  a  pipe,  having  a  small  aperture  surrounded  by  oxygen 
gas,  it  may  be  kindled,  and  it  then  burns  with  a  pale  yellow  flame, 
the  products  of  its  combustion  being  water  and  nitrogen  gas. 

(e)  Ammoniacal  gas  may  be  decomposed  by  transmitting  it 
through  a  red  hot  porcelain  tube,  which  should  be  either  well  graz- 
ed internally,  or  covered  externally  with  a  lute.  It  has  been  ascer- 
tained by  Thenard,t  that  when  any  of  the  five  following  metals  are 
enclosed  in  the  tube,  they  promote  the  decomposition  of  ammonia 
in  the  order  set  down,  viz.  iron,  copper,  silver,  gold,  and  platina : 
iron  being  most  effectual,  and  platina  least.  Iron,  after  the  process, 
is  found  to  be  rendered  brittle,  and  copper  still  more  so.  The  gas 
obtained  always  consists  of  3  parts  hydrogen  by  measure,  and  1 
nitrogen.  None  of  the  metals  is  either  increased  or  diminished  in 
weight ;  and  they  can  only,  therefore,  act  as  conductors  of  heat. 
Yet  it  is  singular  that  iron  decomposes  a  much  larger  quantity  than 
platina,  and  at  a  lower  temperature. 

{/)  It  has  been  asserted  by  Guyton,  that  ammoniacal  gas  is  re- 
duced to  a  liquid  state  at  70°  below  0  of  Fahrenheit ;  but  it 
may  be  questioned  whether  the  drops  of  liquid,  which  he  ob- 
served, were  any  thing  more  than  the  watery  vapour,  which  the 
gas  always  contains,  condensed  by  the  cold,  and  saturated  with 
ammonia.j 

*  Philosophical  Transactions,  1808,  page  39. 

f  85  Ann.  de  Chim.  61. 

\  This  is  the  most  probable  explanation,  and  it  is  equally  probable,  that  it  is 
this  watery  vapour,  that  in  condensation  ^ives  off  its  latent  heal,  from  whence 
the  increased  temperature  arises  in  procuring  the  aqua  ammonia.    C. 
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(g)  Ammonia  is  rapidly  absorbed  by  water.  A  drop  or  two  of 
water  being  admitted  to  a  jar  of  this  gas,  confined  over  mercury, 
the  gas  will  be  immediately  absorbed,  and  the  mercury  will  rise, 
so  as  to  fill  the  whole  of  the  jar,  provided  the  gas  be  sufficiently 
pure.  Ice  produces  the  same  effect,  in  a  still  more  remarkable 
manner.  From  Sir  H.  Davy's  experiments,  it  appears  that  100 
grains  of  water  absorb  54  grains  of  ammoniacal  gas,  or  190  cubic 
inches.  Therefore  a  cubic  inch  of  water  takes  up  475  cubic  in- 
ches of  the  gas.  More  recently  he  has  stated  that  at  50°  Fahren- 
heit, water  absorbs  670  times  its  bulk,  and  acquires  the  specific  gra- 
vity .875.* 

Alcohol,  also,  absorbs  several  times  its  bulk,  and  affords  a  solu- 
tion of  ammonia  in  alcohol,  which  possesses  the  strong  smell,  and 
other  properties,  of  the  gas. 

(h)  Water,  by  saturation  with  this  gas,  acquires  its  peculiar 
smell;  and  constitutes  what  has  been  called  liquid  ammonia;  or, 
more  properly,  solution  of  pure  ammonia  in  water.  The  method 
of  effecting  this  impregnation  will  be  described  hereafter ;  and  pro- 
cesses will  be  given  for  obtaining  the  solution  of  ammonia  in  con- 
siderable quantity,  which  cannot  conveniently  be  accomplished  by 
the  method  described  in  experiment  e.  This  solution  again  yields 
its  gas  on  applying  heat.     (See  I.  b.) 

The  strength  of  a  solution  of  ammonia  is  influenced  by  two  cir- 
cumstances, the  temperature  of  the  liquid,  and  the  pressure  on  its 
surface,  for  ammonia  is  not  retained  in  water  without  external  force. 
The  intervals  of  temperature,  required  to  double  the  force  of  am- 
moniacal vapour,  were  ascertained  by  Mr  Dalton  to  increase  in 
ascending.  When  mixed  with  common  air,  its  elasticity  is  not  alter- 
ed ;  thus  when  ammoniacal  gas  of  15  inches  force  is  mixed  with  a 
given  volume  of  air,  the  air  is  doubled  in  bulk. 

Solutions  of  ammonia,  when  mixed  with  water,  were  found  by 
Sir  H.  Davy,  not  to  be  sensibly  condensed;  and,  therefore,  if  the 
quantity  of  ammonia  in  a  solution  of  given  specific  gravity  be  deter- 
mined, it  is  easy  to  calculate  the  quantity  in  solutions  of  other  den- 
sities. The  two  following  Tables,  it  may  be  observed,  do  not  ex- 
actly agree  in  their  results,  the  quantity  of  ammonia,  in  solutions 
of  the  same  density,  being  from  15  to  20  per  cent,  less  in  Mr.  Dal- 
ton's  Table  than  in  Sir  H.  Davy's.  The  numbers  in  the  latter, 
marked  with  an  asterisk,  were  found  by  experiment,  and  from  these 
the  others  were  deduced. 


F.lements  of  Chem.  Phil.  p.  268. 
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Sir  H.  Davy's  Table  of  the  Quantities  of  Jmmoniacal  Gas  in  Solu- 
tions of  different  Densities  (Temp.  50°  Fahrenheit's  Barometer, 
29.8). 


100  parts  oi 

100  parts  of 

Specific 

Of  Ammonia. 

Specific 

Of  Ammonia. 

Gravity. 

Gravity. 

.8750* 

32.5 

.9435 

14.53 

.8875 

29.25 

.9476 

13.46 

.9000 

c 

26. 

.9513 

c 

12.40 

.9054* 

'a 

25.37 

.9545 

a 

11.56 

.9166 

22.07 

.9573 

c 
o 

10.82 

.9255 

U 

19.54 

.9597 

u 

10.17 

.9326 

17.52 

.9619 

9.60 

.9385 

J 

15.88 

.9692* 

9.50 

Mr.  Dallo7i's  Table  of  the   Quantities  of  Ammo7iia  in  Solutions  of 
different  specific  Gravities. 


• 

Grains  of  Ammo- 

Grains of  Am- 

Boiling point 

Volume  of  gas 

Specific 

nia  in  100  water- 

monia  in  100 

of  the  liquid 

condensed  in 

Gravity. 

grain  measures 

grains  of 

in  degrees  of 

a  given  volume 

of  liquid. 

liquid. 

Fahrenheit. 

of  liquid. 

850 

30 

35.3 

26° 

494 

860 

28 

32.6 

58° 

456 

870 

26 

29.9 

50° 

419 

880 

24 

27.3 

62° 

382 

890 

22 

24.7 

74° 

346 

900 

20 

22.2 

86° 

311 

910 

18 

19.8 

98° 

27r 

920 

16 

17.4 

110° 

244 

930 

14 

15.1 

122° 

211 

940 

12 

12.§t 

134° 

180 

950 

10 

10.5 

146° 

147 

960 

8 

8.3 

158° 

116 

970 

6 

6.2 

173° 

87 

980 

4 

4.1 

187° 

57 

990 

2 

2. 

196° 

28 

Art.  2. — Electrical  Analysis  of  Ammonia. 

(1)  Ammoniacal  gas  is  decomposed  by  electricity.  Into  a  glass 
tube,  having  a  conductor  sealed  hermetically  into  one  end  (fig.  29), 
and  standing  inverted  over  mercury,  pass  about  one  tenth  of  a  cubic 
inch  of  ammoniacal  gas ;  and  transmit  through  it  a  succession  of 
electrical  discharges  from  aLeyden  jar.  The  arrangement  of  the 
apparatus  for  this  purpose,  is  shown  in  fig.  84,  pi.  ix.  and  is  describ- 
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cd  in  chap.  v.  sect.  I.  When  two  or  three  hundred  discharges 
have  been  passed,  the  gas  will  be  found  to  have  increased  to  almost 
twice  its  original  bulk,  and  lo  have  lost  its  property  of  being  ab- 
sorbed by  water.  Mix  it  with  a  quantity  of  oxygen  gas,  equal  to 
between  one  third  and  one  half  of  its  bulk,  and  pass  an  electric 
spark  through  the  mixture.  An  explosion  will  immediately  hap- 
pen ;  and  the  quantity  of  gas  will  be  considerably  diminished. 
jNrote  the  amount  of  the  diminution  by  firing;  divide  it  by  3;  and 
multiply  the  product  by  2.  The  result  shows  the  quantity  of  hy- 
drogen gas  in  the  mixed  gases  which  have  been  generated  by 
electricity  ;  for  two  measures  of  hydrogen  are  saturated  by  one  of 
oxygen  gas. 

Suppose,  for  example,  that  we  expand  10  measures  of  ammonia 
to  18;  and  that,  after  adding  S  measures  of  oxygen  gas,  we  find 
the  whole  (=  26  measures)  reduced  by  firing  to  6  measures;  the 
diminution  will  be  20.  Dividing  20  by  3  we  have  6.66,  which  mul- 
tiplied by  2  gives  13.32  measures  of  hydrogen  gas  from  10  of  am- 
monia. Deducting  13.32  from  18,  we  have  4.6S  for  the  nitrogen 
gas  contained  in  the  product  of  electrization.  Therefore  10  mea- 
sures of  ammonia  have  been  destroyed,  and  expanded  into 

13  32  measures  of  hydrogen  gas, 
4.68 nitrogen  gas. 

According  to  the  above  proportions,  100  cubic  inches  of  ammo- 
nia, which  weigh  about  18  grains,  if  they  could  be  decomposed  by 
electricity,  would  give  about  133  cubic  inches  of  hydrogen  weigh- 
ing 3.5  grains,  and  46  of  nitrogen  weighing  14.4  grains,  in  all  17.9 
grains,  or  one  tenth  of  a  grain  less  than  the  ammonia  decomposed. 
Mr.  D&lton  obtained  185  measures  of  gas  by  decomposing  100  mea- 
sures of  ammonia;  and,  by  comparing  the  products  with  the  ori- 
ginal gas,  he  finds  that  the  weight  of  the  former  rather  exceeds 
lhat  of  the  latter  ;  thus, 

Grains. 
100  measures  of  amnrfonia  x  sp.  gr.         .6  =      .60 

produce    $      5I'8  nitroSen>    which  X  SP-  gt"-  -9  67  =  50.09 
*  C    •  33.2  hydrogen,  which  X  sp.  gr.     .08  =  10.05 

60.74 

The  excess  of  fths  of  a  grain  in  60  he  considers  as  too  small  to  af- 
fect the  conclusion,  and  as  arising  from  unavoidable  inaccuracies 
in  some  of  the  data. 

It  is  contended  by  Gay  Lussac  and  Thenard,  and  the  probable 
accuracy  of  their  result  is  admitted  by  Sir  H  Davy,*  and  by  Dr. 
Wollaston,  that  100  measures  of  ammonia  are  resolvable,  by  ana- 
lysis, into  300  of  hydrogen  and  100  of  nitrogen.  This  proportion 
is  consistent  with  the   theory  of  combination  in  definite  volumes. 

*  Elements  of  Chem.  Phil.  p.  269. 
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There  is,  however,  considerable  difficulty  in  ascertaining  the  pre- 
cise amount  of  the  gases  evolved  from  ammonia;  for  if  either  the 
gas  itself,  or  the  mercury  which  confines  it,  contain  any  moisture, 
the  product  of  gas,  resulting  from  its  decomposition,  will  exceed 
what  it  ought  to  be.  The  problem  is  one  of  great  importance  to 
the  atomic  theory,  because  from  the  proportion  of  the  elements  of 
ammonia,  is  deduced  the  weight  of  the  atom  of  nitrogen.  This 
will  differ  considerably,  according  to  the  statement,  which  we  may 
adopt,  of  the  amount  of  gases  obtained  by  decomposing  ammonia; 
their  proportion  to  each  other;  and  the  exact  specific  gravities  of 
hydrogen  and  nitrogen  gases.  From  the  data  supplied  by  Mr. 
Dalton,  it  appears  reasonable  to  believe  that  the  weight  of  nitro- 
gen in  ammonia  is  to  that  of  hydrogen  nearly  as  5  to  1,  and  the 
atom  of  nitrogen  will,  therefore,  be  represented  by  5,  and  that  of 
ammonia  by  5  -f-  1  =  5.  On  the  scale  of  Dr.  Wollaston,  nitro- 
gen is  represented  by  17.54;  which,  with  3  proportions  of  hydro- 
gen, (1.32  x  3  =  3.96)  gives  21.5  for  the  equivalent  of  ammonia. 

(2)  In  the  Philosophical  Transactions  for  1809, 1  have  described 
a  property  of  ammonia,  which  forms  the  basis  of  a  very  easy  and 
quick  mode  of  analyzing  that  alkali.  When  mingled  with  oxygen 
gas  it  may  be  inflamed  ty  the  electric  spark,  precisely  like  a  mix- 
ture of  hydrogen  and  oxygen  gases.  To  obtain  accurate  results, 
however,  it  is. necessary  to  use  less  oxygen  at  first,  than  is  suffi- 
cient to  saturate  the  whole  hydrogen  of  the  alkali.  This  is  easily 
calculated.  If,  for  example,  we  take  10  measures  of  ammonia,  we 
must  use  less  oxygen  than  will  saturate  13  or  14  measures  of  hy- 
drogen gas,  the  quantity  which  exist  in  10  of  ammonia  ;  and  which 
require  about  7  of  oxygen  gas.  It  will  be  advisable,  therefore,  not 
to  add  above  4  or  5  of  oxygen.  The  whole  (suppose  15)  will  pro- 
bably, after  firing,  be  reduced  to  about  9.  To  the  remaining  gas 
admit  4  or  5  measures  more  of  oxygen  ;  and,  on  passing  the  elec- 
tric spark  again,  a  second  explosion  will  happen,  with  a  diminution 
of  about  6  measures.  But,  in  the  first  explosion,  the  whole  of  the 
oxygen  disappears,  and  it  must  therefore  have  saturated  a  quantity 
of  hydrogen  equal  to  10  measures;  besides  which,  two  thirds  of 
the  second  diminution  (6  -~  3  x  2)  =  4  measures  are  owing  to  the 
condensation  of  hydrogen.  Hence  the  whole  hydrogen  is  10  -j-  4 
=  14.  The  nitrogen,  the  whole  of  which  exists  in  the  product  of 
the  first  detonation,  is  first  ascertained  by  deducting  from  it  (xnz. 
from  9  in  the  present  instance)  the  second  quantity  of  hydrogen  (4) 
which  gives  5  for  the  nitrogen.  These  numbers  may  not,  per- 
haps, be  exactly  obtained  by  experiment ;  and  they  are  given  mere- 
ly as  a  general  illustration  of  the  process. 

By  experiments  of  this  kind,  I  have  determined  that  100  mea- 
sures of  ammonia  require,  for  saturating  the  hydrogen  which  they 
contain,  between  67  and  68  of  pure  oxygen  gas,  and  afford 

Of  hydrogen  gas  about  136  measures, 
nitrogen  gas  ....    47  measures. 
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The  results  of  this  analysis  furnish  a  good  example  of  the  con- 
densation of  the  elements  of  ^ases  which  takes  place  on  chemical 
union  ;  and  if  vve  could,  by  any  means,  permanently  condense  a  mix- 
ture of  136  measures  of  hydrogen  with  47  of  nitrogen  into  100 
measures,  the  new  gas  would  constitute  ammonia.  Simple  admix- 
ture of  these  gases,  however,  even  in  the  same  proportions  which 
are  obtained  by  analyzing  ammonia,  is  not  sufficient  to  generate 
this  alkali.  The  caloric,  with  which  the  hydrogen  and  nitrogen 
are  respectively  combined,  opposes,  by  its  elasticity,  an  obstacle  to 
their  union,  and  places  them  beyond  the  sphere  of  their  mutual  at- 
tractions. If  these  elements  are  presented  to  each  other  when 
one  or  both  are  deprived  of  part  of  their  caloric,  combination  then 
takes  place ;  and  the  composition  of  the  volatile  alkali  is  proved 
synthetically,  as  in  the  following  experiment. 

When  iron  filings,  moistened  with  water,  are  exposed  to  nitro- 
gen gas  confined  over  mercury,  the  gas,  after  some  time  has 
elapsed,  acquires  the  smell  of  volatile  alkali.  In  this  case,  the  iron 
decomposes  the  water  and  seizes  its  oxygen  ;  while  the  hydrogen, 
at  the  moment  of  its  liberation,  unites  with  nitrogen  and  composes 
ammonia.  This  state  of  condensation,  or  absence  of  the  quantity 
of  caloric  necessary  to  bring  it  into  a  gaseous  form,  has  been  call- 
ed the  nascent  state  of  hydrogen  ;  and  the  same  term  has  been  ap- 
plied to  the  bases  of  other  gases  when  in  a  similar  state. 

Art.  3.— -On  the   Presence  of  Oxygen  in  Ammonia  ;    and  on  the 
Amalgam  of  Mercury  and  Ammonia. 

Beside  the  hydrogen  and  nitrogen  which,  it  has  already  been 
stated,  are  obtained  by  decomposing  ammonia,  it  has  been  conjec- 
tured by  Sir  H.  Duvy  that  this  alkali  contains,  also,  a  small  pro- 
portion of  oxygen,  not  exceeding  seven  or  eight  parts  in  the  hun- 
dred. The  arguments,  which  he  has  brought  in  favour  of  this 
opinion,  are  derived  chiefly  from  the  following  facts. 

1.  When  he  decomposed  ammonia  by  electricity,  the  gases  pro- 
duced fell  short,  by  nearly  one  eleventh,  of  the  weight  of  the  am- 
monia employed  ;  in  other  words,  100  grains  of  ammonia  gave 
only  about  91  grains  of  permanent  gases.  To  obtain  this  result, 
however,  several  precautions  are  necessary,  which  are  fully  stated 
by  Mr.  Davy  in  the  Philosophical  Transactions  for  1809,  page 
460. 

2.  By  repeatedly  transmitting  ammoniacal  gas  (previously  de- 
prived, by  passing  it  through  a  tube  surrounded  by  a  freezing  mix- 
ture, of  as  much  water  as  possible)  over  red-hot  iron  wire,  the  me- 
tal became  superficially  oxidized,  and  gained  a  very  slight  increase 
of  weight.  It  is  proper,  however,  to  state  that  a  similar  experi- 
ment was  made  by  Mr.  Berthollet,  junior,  with  different,  or  at  least 
with  equivocal,  results.  Besides,  a  very  minute  addition  of  oxy- 
gen might  be  furnished  to  the  iron  by  the  decomposition  of  a  small 
portion  of  water,  which  ammoniacal  gas.  in  common  with  all  other 
gases,  contains ;  and  which  would  scarcely  be  separated  from  it 
by  the  temperature  of  a  freezing  mixture.    No  sufficient  proof,  in- 
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deed,  has  been  established  by  the  subsequent  experiments  of  Sir 
H.  Davy  ;  by  my  own,  directed  to  the  same  object ;  or  by  those  of 
any  other  person,  that  oxygen  exists  as  an  element  ot  ammonia,  or 
that  any  products  can  be  obtained  by  its  decomposition,  beside  hy- 
drogen and  nitrogen  gases. 

It  must  be  acknowledged,  however,  that  the  indirect  evidence, 
in  favour  of  the  presence  of  oxygen  as  an  element  of  ammonia, 
which  is  furnished  by  other  experiments  of  Sir  H.  Davy,  is  much 
stronger  than  that  derived  from  the  results  of  its  analysis.  These 
experiments  even  go  so  far  as  to  suggest  that  ammonia  may,  like 
the  fixed  alkalis,  be  an  oxide  of  a  peculiar  metal,  or  at  least  of 
some  compound  containing  the  elements  of  a  metal.  And,  as  hy- 
drogen and  nitrogen  alone  are  obtained  by  the  electrical  analysis 
of  ammonia,  it  will  follow  that  the  metal  in  question  is  either  a 
compound  of  those  two  bases,  or  a  component  part  of  one  of  them. 
If  this  should  be  established,  we  shall  obtain  proof  of  a  fact  of  the 
greatest  novelty  and  curiosity,  viz.  the  existence  of  a  metal  or  a 
metallic  oxide,  whose  natural  state  is  that  of  an  aeriform  fluid. 

To  understand  the  general  outline  of  these  experiments,  it  may 
be  necessary  to  premise,  that  whenever  mercury,  after  combina- 
tion with  another  substance,  retains  in  a  great  measure  its  cha- 
racteristic properties,  and  forms  what  has  been  called  an  amalgam, 
we  infer  that  the  change  has  been  produced  by  its  union  with  a 
metal ;  for  the  metals  are  the  only  bodies  which  are  capable  of 
amalgamating  with  quicksilver.  Now  it  was  found  by  M.  M.  Ber- 
zelius  and  Pontin  of  Stockholm,  that  when  mercury,  negatively 
electrified  in  the  Voltaic  circuit,  is  placed  in  contact  with  solution 
of  ammonia,  it  gradually  expands  to  four  or  five  times  its  dimen- 
sions, and  becomes  a  soft  solid,  which,  at  70°  or  80°  Fahrenheit, 
has  the  consistence  of  butter.  At  the  freezing  temperature,  it  be- 
comes firmer,  and  forms  a  crystallized  mass,  in  which  small  shining 
facets  appear.  By  this  combination,  it  is  very  remarkable  that 
mercury  gains  an  addition  of  only  about  one  twelve  thousandth 
part  of  its  weight;  and  yet  has  its  specific  gravity  so  much  de- 
creased, that  from  being  between  13  and  14  times  heavier  than 
water,  it  becomes  only  three  times  heavier.  Its  colour,  lustre, 
opacity,  and  conducting  powers  remain  unimpaired. 

An  easier  mode  of  forming  this  amalgam,  Sir  H.  Davy  found,  is 
to  employ  mercury  united  with  a  minute  quantity  of  potassium, 
sodium,  or  barium.  A  compound  of  this  sort,  placed  in  contact 
with  a  solution  of  ammonia,  enlarges  to  eight  or  ten  times  its 
bulk,  and  becomes  a  soft  solid,  which  may  be  preserved  a  much 
longer  time  than  the  amalgam  made  by  electrical  powers,  and 
which  even  changes  very  slowly  under  water. 

When  this  amalgam  is  exposed  to  the  atmosphere,  oxygen  is  ab- 
sorbed ;  ammonia  is  reproduced  ;  and  the  quicksilver  is  recovered 
in  its  metallic  form.  When  thrown  into  water,  ammonia  is  also 
regenerated,  and  quicksilver  separated,  hydrogen  £as  being  at  the 
same  time  evolved.  It  appears,  then,  that  in  the  formation  of  the 
amalgam,  mercury  combines  with  one  or  more  of  the  elements  of 
ammonia,  and  that  in  the  subsequent  oxidation  of  what  is  thus  ac- 
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quired  by  the  ammonia,  consists  the  process  of  regenerating  al- 
ka.i.  In  ibis  view  of  the  subject,  there  certainly  appears  great 
reason  to  believe  that  oxygen  is  one  of  the  constituents  of  ammo- 
nia;  bui  the  facts  are  not  sufficiently  simp;e  to  furnish  incontro- 
vertible evidence,  and  their  explanation  is  sail  attended  with  con- 
siderable obscurity. 

On  the  supposition  that  the  unknown  substance,  which  amalga- 
mates with  the  mercury,  is  of  a  metallic  nature,  Sir  H.  Davy  pro- 
posed for  it  the  name  ammonium.  All  attempts  to  detach  it  from 
this  combination,  and  to  exhibit  it  in  a  separate  form,  have  hitherto 
failed  ;  and  it  still  remains  an  object  of  farther  investigation.  One 
great  difficulty  consists  in  procuring  the  amalgam  free  from  wa- 
ter, of  which  it  always  contains  enough  to  lurnish  oxygen,  and  to 
regenerate  alkali.  The  amalgam,  which  appears  lo  be  most  free 
from  adhering  moisture,  is  that  of  potassium,  mercury,  ?.nd  ammo- 
nium in  a  solid  state  ;  but  even  this  amalgam  gave  on  distillation 
nothing  but  hydrogen  gas,  beside  a  small  proportion  of  ammonia. 
The  quantity  of  matter,  added  to  the  mercury  in  the  formation  of 
the  amalgam,  Sir  H   Davy  estimates  at  only  y^r^th. 

Gay  Lussac  and  Thenard*  have  also  made  a  great  number  of 
experiments  oa  this  amalgam,  from  which  they  inr;  r  that  it  is  a 
compound  of  mercury,  hydrogen,  and  ammonia  ;  and  that  mercury, 
to  become  the  amalgam,  absorbs  3.47  times  its  bulk  of  hydrogen 
gas,  and  4  22  or  8.67  times  its  bulk  of  ammoniacal  gas.  The  in- 
creased levity  of  the  mercury,  they  are  of  opinion,  may  be  explain- 
ed by  the  lightness  of  the  elements  with  which  it  combines,  and 
by  their  being  retained  by  so  feeble  an  affinity,  as  to  produce  very 
little  condensation.  This  view  of  the  subject  has  been  opposed  by 
Berzelius  on  theoretical  grounds,  for  a  statement  of  which  the 
reader  may  consult  the  77th  vol.  of  Annates  de  Chimic,  p.  79.  In 
the  present  state  of  the  inquiry,  new  facts  seem  to  be  wanting  to 
determine  the  nature  of  this  singular  compound. 

AitT.  4. — Action  of  Potassium  on  Ammonia. 

When  potassium  is  melted  in  ammoniacal  gas,  it  is  changed  in- 
to an  olive  green  fusible  substance  ;  the  ammonia  almost  entirely 
disappears  ;  and  is  replaced  by  a  volume  of  hydrogen,  precisely 
equal  to  that,  which  the  same  quantity  of  potassium  would  have 
disengaged  from  water.  To  effect  this  combination,  in  the  way 
recommended  by  Gay  Lussac  and  Thenard,  a  bent  glass  tube  is 
employed,  into  which,  when  filled  with  perfectly  dry  mercury,  a 
Ir.iown  quantity  of  ammoniacal  gas  is  admitted,  and  a  determinate 
weight  of  potassium  is  then  passed  through  the  mercury,  by 
means  of  a  bent  iron  wire.  Care  must  be  taken  to  shake  off  from 
the  potassium,  and  from  that  part  of  the  tube  which  contains  the 
gas,  all  the  adhering  globules  of  mercury  ;  otherwise  they  inter- 
fere with  the  result.  The  part  of  the  tube,  which  contains  the  po- 
tassium, is  next  gently  heated  by  a  spirit  lamp  ;  the  metal  enters 

*  Recherches,  i.  72. 
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into  fusion,  and  is  covered  with  a  thin  crust,  which  soon  disap- 
pears ;  the  brilliant  surface  of  the  metal  then  is  exposed ;  it  ab- 
sorbs much  ammoniacal  gas,  and,  in  a  few  instants,  is  transformed 
into  the  olive-green  substance.  It  is  necessary,  at  this  period,  to 
remove  the  lamp  ;  and  indeed  the  regulation  of  the  heat,  which 
can  only  be  learned  by  experience,  occasions  considerable  variety 
in  the  results,  and  in  the  quantity  of  ammonia  which  disappears. 
When  the  gas  is  used  in  sufficient  quantity,  all  the  potassium  is 
changed  into  the  olive  compound;  and  it  absorbs  from  100  to  136 
times  its  volume^  of  alkaline  gas. 

When  the  olive-coloured  substance  is  gradually  heated  in  a  glass 
vessel,  in  contact  with  hydrogen  gis,  it  enters  into  a  kind  of  ebul- 
lition;  much  gas  is  disengaged  ;  and  the  mercury  descends  rapid- 
ly in  the  tube.  When  the  tube  is  not  heated  beyond  a  cherry  red, 
nothing  but  ammonia  is  disengaged.  But  when  this  degree  of 
heat  is  exceeded,  hydrogen  and  nitrogen  are  obtained,  in  the  pro- 
portions required  to  form  ammonia,  viz.  3  to  1.  In  all  cases,  the 
residue  is  blackish,  and  is  found  to  have  lost  its  fusibility.  Only 
three-fifths,  however,  of  the  ammonia  which  has  disappeared,  can 
be  attained  by  heat,  either  in  the  form  of  alkaline  gas  or  of  its 
elements. 

When  the  olive-colouredsubstance  is  brought  into  contact  with 
water  in  close  vessels,  great  heat  is  excited,  and  the  only  products 
are  potash  and  ammoniacal  gas,  the  latter  in  exactly  the  same 
quantity  which  was  originally  absorbed,  except  a  few  hundredth 
parts,  which  are  absorbed  by  the  moist  potash.  The  only  caution, 
necessary  to  obtain  this  result,  is  not  to  use  more  water  than  is  ab- 
solutely necessary. 

Precisely  similar  phenomena  occur,  when  sodium  is  heated  in 
ammoniacal  gas  ;  the  sodium  is  transformed  into  an  olive-green 
substance;  ammonia  is  absorbed,  and  hydrogen  is  evolved,  in  ex- 
actly the  same  quantity  as  by  the  action  of  an  equal  weight  of  so- 
dium on  water. 

The  experiments  of  Sir  H.  Davy  on  the  olive-coloured  com- 
pound agree,  in  the  main,  with  those  of  Gay  Lussac  and  Thenard. 
By  distillation  fier  se,  he  obtained  some  undecomposed  ammonia, 
and  hydrogen  and  nitrogen  gases,  in  the  p-opcrtibn  by  volume  of  2$ 
of  the  former  to  1  of  the  latter.  He  examined  the  residue  of  its 
distillation  with  much  attention;  and  describes  it  to  be  a  black, 
shining,  opaque,  and  brittle  substance,  highly  inflammable  when 
exposed  to  air  at  the  ordinary  temperature.  When  submitted  by 
itself  to  distillation  at  a  strong  heat,  in  a  platina  tube  (which  was 
done  with  the  expectation  that  nitrogen  gas  only  would  have  been 
evolved),  a  mixture  of  gases  was  obtained,  consisting  of  only  one 
fifth  nitrogen,  and  four  fifths  hydrogen,  without  any  ammonia ;  and 
potash  remained  in  the  tube. 

Though  these  facts  cannot  be  easily  explained,  except  on  the 
supposition  that  nitrogen  is  an  oxide  ;  yet  (as  is  candidly  acknow- 
ledged by  Sir  H.  Davy),*  in  processes  so  delicate  and  complicated, 

*  If  the  same  candour  was  more  generally  exhibited  by  Chemical  expert, 
mentalists,  it  is  probable  much  benefit  would  result  to  the  science. C. 
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and  involving  such  numerous  data,  we  cannot  be  certain  that  every 
source  of  fallacy  has  been  avoided,  and  every  circumstance  ob- 
served and  reasoned  upon.* 


CHAPTER  IX. 

EARTHS. 

THE  term  earth  was,  till  lately,  employed  to  denote  "  a  tasteless, 
inodorous,  dry,  brittle,  and  uninflammable  substance,  not  more  than 
five  times  heavier  than  water."  This  definition,  however,  was 
rendered  imperfect  by  the  discovery,  that  certain  earths  have  a 
strong  taste,  and  are  readily  soluble  in  water,  which  yet  possess 
the  other  characters  of  earthy  bodies.  Some  of  the  earths  were 
therefore  removed  from  this  class,  and  arranged  among  the  alkalis. 
The  classification,  however,  which  appears  to  me  most  eligible,  is 
that  which  divides  them  into  e  irl/is  simply,  and  alkaline  earths; 
the  latter  partaking  of  the  characters  both  of  earths  and  alkalis. 
The  alkaline  earths  are  Barytes,  Strontites,  Lime  and  Magnesia. 
The  earths  are  Silex,  Alumine,  Zircon,  Glucine.  and  Yttria.f 

Until  the  important  aera  of  Sir  H.  Davy's  discoveries,  the  earths 
were,  with  respect  to  the  state  of  our  knowledge,  simple  or  ele- 
mentary bodies.  Many  conjectures,  it  is  true,  had  been  formed 
respecting  their  nature ;  and.,  among  these  we  find  that  their  be- 
ing composed  of  oxygen  and  a  metallic  base  had  been  suggested 
as  a  probable  theory. J  Led  by  the  analogy  arising  from  his  expe- 
riments on  the  alkalis,  Sir  H.  Davy,  however,  was  the  first  to  de- 
monstrate what  had  before  been  only  imagined ;  and  to  disunite, 
by  the  agency  of  strong  electrical  powers,  the  constituent  princi- 
ples of  several  of  this  class  of  bodies. 

In  this  part  of  the  investigation,  difficulties  were  encountered, 
which  demanded  great  perseverance  and  more  complicated  pro- 
cesses. The  affinity  of  the  earthy  bases  for  oxygen  appears  con- 
siderably to  surpass  that  of  the  metals  composing  potash  and  soda; 
and  it  was  found  that  simple  exposure  to  the  opposite  electricities 
was  not  adequate  to  the  separation  of  the  principles,  which  com- 
pose the  earths;  or,  at  least,  that  the  effect  was  too  indistinct  to 
furnish  satisfactory  evidence  of  their  nature.  Sir  H.  Davy  was, 
therefore,  induced  to  electrify  the  earths,  as  he  had  formerly  ope- 

*  Among  the  singular  changes  produced  in  bodies  by  chemical  action,  none 
are  more  extraordinary  than  in  the  combination  of  nitrogen  and  hydrogen,  to 
form  ammonia.  Here,  two  gases  unabsorbable,  inodorous,  tasteless,  possessing 
no  alkaline  properties,  and  incapable  of  uniting  separately  to  the  acids ;  form  a 
compound  possessed  of  all  (be  above  mentioned  properties,  in  which  they  are 
deficient,  and  occupying  a  bulk  very  inferior  to  that  of  the  original  elements.    C. 

-f-  The  Augustine  of  TromsdorfT  has  been  shown,  by  Berthollet,  to  be  merely 
Phosphate  of  Lime.     Nicholson's  Journal,  8vo  vii.  117. 

4  The  reader  may  consult  a  history  of  opinions  respecting  the  earths,  in  a 
note  to  Mr.  Davy's  paper,  Philosophical  Transactions,  1808. 
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rated  on  potash,  in  contact  with  the  oxides  of  known  metals ;  with 
the  expectation  that  the  metallic  base  of  the  earth  would  unite  with 
the  metal  contained  in  the  oxide  he  employed,  and  form  an  alloy. 
Thus  a  mixture  of  barytes  and  red  oxide  of  mercury  might  be  ex- 
pected to  yield  an  alloy  of  mercury  with  the  metallic  base  of 
barytes;  and  such,  in  fact,  was  the  result  of  the  experiment;  for 
a  solid  amalgam  adhered  to  the  negative  wire,  which,  when  thrown 
into  water,  evolved  hydrogen,  leaving  pure  mercury,  and  a  solution 
of  barytes.  Mixtures  of  lime,  strontites,  or  magnesia  with  oxide 
of  mercury,  gave  similar  amalgams,  from  which  the  respective  al- 
kalis were  regenerated  by  the  action  of  air  or  water;  but  the  quan- 
tity obtained  was  too  minute  for  investigation. 

On  the  suggestion  of  Professor  Berzelius  of  Stockholm,  the 
earths  were  next  electrified  negatively  in  contact  with  mercury  it- 
self; and  in  this  way  amalgams  were  obtained  from  barytes,  stron- 
tites, lime,  and  magnesia.  These  compounds  of  mercury  with  the 
metallic  base  of  the  earths  decomposed  water,  and  the  earth, 
which  had  afforded  them,  was  regenerated.  Under  naphtha,  they 
might  be  preserved  for  a  considerable  time;  but  at  length  they 
became  covered  with  a  white  crust  of  the  regenerated  earth. 

To  procure  quantities  of  these  amalgams  sufficient  for  distilla- 
tion, the  earths  were  slightly  moistened,  and  mixed  with  one  third 
of  red  oxide  of  mercury :  the  mixture  was  then  placed  on  a  plate 
of  platina,  a  cavity  was  made  in  the  upper  part  of  it  to  receive  a 
globule  of  mercury  of  from  50  to  60  grains  in  weight,  and  the 
whole  was  covered  with  a  thin  film  of  mercury;  lastly,  the  plate 
was  made  positive,  and  the  mercury  negative,  by  a  proper  commu- 
nication with  a  battery  of  500  pairs. 

From  these  amalgams,  the  mercury  was  separated  by  distilling 
in  small  tubes  of  glass  filled  with  the  vapour  of  naphtha.  Consi- 
derable difficulties,  however,  attended  these  operations,  and  after 
all,  Sir  H.  Davy  could,  in  no  case,  be  absolutely  certain,  that  there 
was  not  a  small  quantity  of  mercury  in  combination  with  the  me- 
tals ef  the  earths. 

The  proportion  of  oxygen  and  metal  has  not  yet  been  ascertain- 
ed in  any  of  the  earths ;  but  the  evidence  from  analysis  of  their 
composition  is  perfectly  satisfactory,  the  inflammable  base  appear- 
ing uniformly  at  the  negative  surface  in  the  Voltaic  circuit,  and  the 
oxygen  at  the  positive  surface. 

The  decomposition  of  the  other  earths,  alumine,  silex,  zircon, 
and  glucine,  was  not  effected  by  the  same  means,  that  had  been 
applied  successfully  to  the  alkaline  earths.  Combinations  of  pot- 
ash and  alumine,  and  of  potash  and  silex,  were  electrified,  with 
the  hope  that  the  bases  of  these  earths  would  be  obtained  in  the 
state  of  an  alloy  with  potassium.  Soda  and  zircon  were  similarly 
treated.  In  all  these  cases,  the  phenomena  indicated  that  some 
portion  of  the  several  earths  had  been  decomposed  ;  but  in  too  mi- 
nute a  quantity  to  examine  the  properties  of  their  bases. 

Lastly,  potassium,  amalgamated  with  about  one  third  its  weight 
of  mercury,  was  electrified  negatively  under  naphtha,  in  contact 
with  the  four  earths,  which  were  last  enumerated.  The  potassium 
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generated  was  thrown  into  water,  and  the  alkali  produced  saturat- 
ed with  acetic  acid.  Now  if  any  metal  had  thus  been  obtained 
from  the  earths,  it  would  exist  in  the  form  of  an  alloy  with  potas- 
sium ;  both  metals  would  be  oxydized  by  the  water  ;  the  potassium 
would  reproduce  potash,  and  the  other  metal  the  earth  which  gave 
it  origin,  which  earth  would  be  dissolved  by  the  solution  of  potash, 
and  would  reappear  on  adding  an  acid.  The  general  tenor  of  the 
results  gave  great  reason  to  conclude  that  alumine,  silex,  glucine, 
and  zircon,  are,  like  the  alkaline  earths,  metallic  oxides. 


SECTION  I. 

Barytes. 

Barytes  may  be  obtained  in  a  state  of  purity,  by  the  calcination 
of  its  carbonate  or  nitrate,  in  a  manner  which  will  be  hereafter  de- 
scribed. (See  chap.  xi.  sect.  4.  art.  iv.)  It  exhibits,  when  pure, 
the  following  properties. 

I.  Barytes,  in  a  pure  form,  has  a  sharp  caustic  taste  ;  changes 
vegetable  blue  colours  to  green  ;  and  serves  as  the  intermedium 
between  oil  and  water.  In  these  respects,  it  bears  a  strong  re- 
semblance to  alkalis. 

II.  When  exposed  to  the  flame  of  the  blow-pipe  on  charcoal,  it 
melts  ;  boils  violently  ;  and  forms  small  globules,  which  sink  into 
the  charcoal.  After  being  kept  in  fusion  in  a  crucible  during  ten 
minutes,  it  still,  according  to  Berthollet,  contains  9  fur  cent,  of  wa- 
ter; from  theory  it  should  contain  10.59  percent.  This,  however, 
is  true  only  of  barytes  which  has  been  obtained  from  the  carbo- 
nate, by  a  process  to  be  described  hereafter.  Barytes,  procured  by 
decomposing  the  nitrate  of  that  earth,  is  not  fusible,  and  appears 
to  contain  little  if  any  water.* 

III.  If  a  small  quantity  of  water  be  added  to  recently  prepared 
barytes,  it  is  absorbed  with  great  rapidity ;  prodigious  heat  is  ex- 
cited ;  and  the  water  is  completely  solidified,  a  sort  of  hard  cement 
being  obtained.  A  little  more  water  converts  this  mass  into  a  light 
bulky  powder;  and,  when  completely  covered  with  water,  the  ba- 
rytes is  dissolved.  Boiling  water  should  be  employed  for  this  pur- 
pose ;  unless  sufficient  temperature  has  been  produced,  by  the  sud- 
den addition  of  the  whole  quantity  necessary  for  solution. 

IV.  When  the  solution,  prepared  with  boiling  water,  is  allowed 
to  cool  slowly,  it  shoots  into  regular  crystals.  These  have  the 
form  of  flattened  hexagonal  prisms,  having  two  broad  sides,  with 
two  intervening  narrow  ones  ;  and  terminated,  at  each  end,  by  a 
quadrangular  pyramid.  .They  lose,  according  to  Bucholz,  half 
their  weight  of  water  in  a  red  heat;  the  barytes  then  continues 
fused,  and  parts  with  no  more  water,  though  still  combined  with 
the  proportion  above  stated.     Mr.  Dalton,  from  his   experiments. 

•  Nicholson's  Journal,  xxiii.  281. 
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infers  that  the  crystals  contain  30  barytes  and  70  water  per  cent, 
which  would  make  them  consist  of  1  atom  of  barytes  +  20  atoms 
of  water. 

V.  The  crystals  are  so  soluble,  as  to  be  taken  up,  when  heated, 
merely  by  their  own  water  of  crystallization.  When  exposed  to  a 
stronger  heat,  they  swell,  foam,  and  leave  a  dry  white  powder, 
amounting  to  about  47  parts  from  100  of  the  crystals.  This  again 
combines  with  water  with  great  heat  and  violence.  At  60°  of  Fah- 
renheit, an  ounce  measure  of  water  dissolves  only  25  grains  of  the 
crystals,  i.  e.  they  require  for  solution,  1 7 i  times  their  weight  of 
water.  Exposed  to  the  atmosphere,  they  effloresce,  and  become 
pulverulent. 

VI  When  added  to  spirit  of  wine,  and  heated  in  a  spoon  over 
a  lamp,  they  communicate  a  yellowish  colour  to  its  flame. 

VII.  The  specific  gravity  of  this  earth,  according  to  Fourcroy, 
is  4,  but  llassent'iatz  states  it  at  only  2.374.  The  former  account, 
however,  is  the  more  probable.  All  its  combinations  have  consi- 
derable specific  gravity ;  and  hence  its  name  is  derived,  -viz.  from 
the  Greek  word  /3*^s,  signifying  heavy.  The  weight  of  its  atom 
Mr.  Dalton  states  at  68,  but  this  number  is  probably  too  low, 

VIII.  Barytes  does  not  unite  with  any  of  the  alkalis. 

Of  the  base  of  barytes,  or  barium. — The  base  of  barytes  was  ob- 
tained by  Mr.  Davy  by  distilling  its  amalgam,  obtained  in  the  fol- 
lowing manner.  A  quantity  of  native  carbonate  of  barytes  was 
made  into  a  paste  with  water,  and  placed  on  a  tray  of  platina  ;  a  ca- 
vity was  made  in  the  paste  to  receive  a  globule  of  mercury,  winch 
was  rendered  negative,  at  the  same  time  that  the  platina  was  made 
positive  by  means  of  a  Voltaic  battery,  containing  about  100  double 
plates.  In  a  short  time,  an  amalgam  was  formed  consisting  of 
mercury  and  barium.  This  amalgam  was  introduced  into  a  little 
tube  made  of  glass  free  from  lead,  which  was  bent  into  the  shape 
of  a  retort,  then  filled  with  the  vapour  of  naphtha,  and  hermeti- 
cally sealed.  Heat  was  then  applied  to  the  tube,  till  all  the  mer- 
cury was  driven  off. 

The  residuum  of  this  distillation  was  a  dark  grey  metal  with  a 
lustre  inferior  to  that  of  cast  iron.  At  the  ordinary  temperature 
of  the  air  it  remained  a  solid ;  but  became  fluid  at  a  heat  below 
redness.  It  did  not  rise  in  vapour,  till  heated  nearly  to  redness, 
and  then  acted  violently  upon  the  glass. 

When  exposed  to  the  air,  this  substance  rapidly  tarnished,  and 
fell  into  a  white  powder,  which  was  barytes.  When  this  process 
was  conducted  in  a  small  portion  of  air,  the  oxygen  was  found  ab- 
sorbed ;  and  the  nitrogen  remained  unaltered.  A  portion  of  it 
thrown  into  water  acted  upon  it  with  great  violence,  and  sunk  to 
the  bottom,  producing  barytes  and  evolving  hydrogen  gas. 

The  quantities  obtained  were  too  minute  for  an  examination  ei- 
ther of  its  physical  or  chemical  qualities.  It  sunk  rapidly  in  water, 
and  even  in  sulphuric  acid,  though  surrounded  by  globules  of  hy- 
drogen equal  to  two  or  three  times  its  volume.  Hence  it  is  proba- 
ble that  it  cannot  be  less  than  four  or  five  times  as  heavy  as  water. 

z 
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It  was  flattened  by  pressure,  but  required  considerable  force  for 
this  effect. 

The  proportion  of  the  components  of  barytes  Sir  H.  Davy  de- 
duces to  be  89.7  barium  and  10.3  oxygen  per  cent.  The  determi- 
nation of  Berzelius  nearly  agrees  with  this,  viz. 

Barium  ....  89.52  ....    100.00 
Oxygen.  .  .  .   10.48   ....     N  69 


100  111.69 

Barium,  from  the  experiments  of  Gay  Lussac  and  Thenard,  ap- 
pears capable  of  combining  with  a  larger  quantity  of  oxygen  than 
exists  in  barytes ;  for,  when  pure  barytes,  prepared  from  the  ni- 
trate, was  heated  in  dry  oxygen  gas,  the  gas  was  rapidly  absorb- 
ed, and  the  earth  became  grey,  and  appeared  glazed  on  its  sur- 
face. 

On  the  supposition  that  barytes  consists  of  an  atom  of  barium 
united  with  an  atom  of  oxygen,  the  atom  of  barium  should  weigh 
64,  and  that  of  barytes  71.5.  The  second  oxide  probably  contains 
an  additional  atom  of  oxygen ;  and  its  atom,  in  that  case,  will 
weigh  79. 


SECTION  II. 

Strontites. 

I.  Sthontites  (called  also  Strontia,  from  Strontian  in  Scotland, 
the  place  where  it  was  first  discovered)  resembles  barytes  in  ma- 
ny of  its  properties ;  and  all  that  is  included  in  the  first  three  para- 
graphs of  the  last  section  may  be  applied,  also,  to  this  earth. 

II.  Like  barytes,  strontites  is  readily  soluble  in  boiling  water; 
and  the  solution,  on  cooling,  affords  regular  crystals;  but  the 
shape  of  these  differs  considerably  from  that  of  barytic  crys- 
tals. The  crystals  of  strontites  are  thin  quadrangular  plates; 
sometimes  square,  oftener  parallelograms  :  not  exceeding  in  length, 
and  not  reaching  in  breadth,  a  quarter  of  an  inch.  Sometimes  their 
edges  are  plain,  but  they  oftener  consist  of  two  facets,  meeting  to- 
gether, and  forming  an  angle  like  the  roof  of  a  house.  They  ad- 
here to  each  other  in  such  a  manner  as  to  form  a  thin  plate,  of  an 
inch  or  more  in  length,  and  half  an  inch  in  breadth.  Sometimes 
they  assume  a  cubic  form. 

III.  These  crystals  undergo,  by  the  action  of  heat,  much  the  same 
changes  as  those  of  barytes;  and  leave  only  about  32  per  cent,  of 
the  dry  earth.  One  part  of  the  crystals  requires  about  51  £  of  wa- 
ter at  the  temperature  of  60°  for  solution,  but  boiling  water  takes 
up  half  its  weight.  Mr.  Dalton  supposes  the  crystals  to  consist  of 
1  atom  of  strontites  and  12  atoms  of  water. 

IV.  Boiling  alcohol,  with  the  addition  of  these  crystals,  burns 
with  a  blood  red  flame. 
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V.  Strontites  does  not  combine  with  alkalis.  Barnes  has  no 
affinity  for  it ;  for  no  precipitation  ensues,  on  mixing  the  watery  so- 
lutions of  the  two  earths. 

From  the  preceding  enumeration  of  its  characters,  it  appears 
that  strontites  differs  from  barytes  in  the  form  of  its  crystals,  which 
contain  also  more  combined  water,  and  are  less  soluble  than  those 
of  barytes;  and  also  in  affording,  with  alcohol,  a  flame  of  different 
colour.  These  distinctions  were  deduced  by  Dr.  Hope,  from  his  ex- 
cellent series  of  experiments  on  the  two  earths.*  Other  circum- 
stances of  distinction,  derived  from  the  properties  of  their  respec- 
tive salts,  will  be  stated  hereafter. 

Of  the  base  of  strontites  or  strontium. — S'rontium  maybe  procur- 
ed by  exactly  the  same  process  as  barium,  substituting  the  native 
carbonate  of  strontites  tor  that  of  barytes.  It  was  first  obtained  by 
Sir  H.  Davy  in  18  8,  but  in  very  minute  quantities.  It  resembled 
barium,  had  not  a  very  high  lustre,  was  difficulty  fusible,  and  not  vo- 
latile. It  was  converted  into  strontites  by  exposure  to  air,  or  by 
contact  with  water. 

The  product  of  its  oxidation,  strontites,  Sir  H.  Davy  thinks  it 
probable,  is  composed  of  86  strontium  and  14  oxygen.  In  this  case, 
45  would  be  nearly  tne  weight  of  the  atom  of  strontium,  and  52.5 
that  of  the  atom  of  strontites. 


SECTION  III. 

Lime. 

I.  Its  external  qualities. — These  may  be  exhibited  in  common 
quicklime,  such  as  is  employed  for  the  purposes  of  building  or  agri- 
culture. In  the  same  state,  it  is  sufficiently  pure  for  demonstrat- 
ing its  chemical  properties  ;  but,  when  used  for  purposes  of  the  lat- 
ter kind,  it  should  be  fresh  burnt  from  the  kiln.  For  accurate 
experiments,  it  should  be  prepared  by  calcining  Carara  or  Pa- 
rian marble  in  a  crucible  for  several  hours.  Its  specific  gravity 
is  2.3.  It  requires  an  intense  heat  for  its  fusion,  and  is  not  vo- 
latile. 

II.  Relation  of  lime  to  water. 

(a)  Lime  absorbs  water  very  rapidly  with  considerable  heat  and 
noise.  This  may  be  shown  by  sprinkling  a  little  water  on  some 
dry  quicklime.  The  above  mentioned  phenomena  will  take  place, 
and  the  lime  will  fall  into  powder,  which  has  been  called  hydrat  of 
lime.  In  this  compound,  the  lime  is  to  the  water,  according  to  Mr. 
Dalton,  as  23  to  8  ;  according  to  Davy,  as  55  to  17  ;  and  to  Berze- 
lius,  as  ICO  to  32.1.  Some  care,  however,  is  necessary  in  its  pre- 
paration, lest  more  water  should  be  added,  than  is  essential  to  its 
constitution.    It  affords  a  very  convenient  form  of  keeping  lime, 

*  See  Edinburgh  Transactions^  vol.  iv. 
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for  occasional  use  in  a  laboratory  ;  for  the  hydrat  may  safely  be 
preserved  in  glass  bottles,  which  are  almost  constantly  broken 
by  the  earth  in  its  perfectly  dry  state.  The  hydrat  of  lime  inf- 
ers hom  those  of  barytes  and  strontites,  in  retaining  its  water 
much  less  lorcioy  ;  for  the  whole  of  it  may  be  expelled  by  a  strong 
red  heat. 

The  degree  of  heat,  produced  by  the  combination  of  lime  with 
water,  is  supposed  by  Mr.  Dalton  to  be  not  less  than  800°,  and  is 
sufficient  to  set  fire  to  some  inflammable  bodies;  and  when  a  large 
quantity  of  lime  is  suddenly  slaked  in  a  dark  place,  even  light,  ac- 
cording toPelletier,  is  sometimes  evolved.  The  caloric,  which  is 
thus  set  atlinertyj  is  doubtless  that  contained  in  the  water,  and  es- 
sential to  its  fluidity.*  By  combination  with  lime,  water  passes  to 
a  solid  state,  and  probably  even  to  a  state  of  much  greater  solidity 
than  thai  of  ice.  Hence,  during  this  change,  it  evolves  more  calo- 
ric than  during  conversion  into  ice  ;  and  nence  even  ice  itself  when 
mixed  witn  quicklime,  in  the  proportion  of  one  to  two,  enters  into 
a  combination  which  has  its  temperature  raised  to  212°.  When  a 
sufficient  quantity  of  water  has  been  added  to  reduce  lime  into  a 
thin  liquid,  this  is  called  milk  or  cream  of  lime. 

Lime  is,  in  some  degree,  convertible  into  vapour  by  combination 
with  water.  When  a  piece  of  moistened  paper,  stained  with  the 
juu:e  of  the  violet,  is  held  in  the  steam,  which  arises  from  iime 
suddenly  slaked,  its  colour  is  changed  from  blue  to  green.  Hence 
the  smell  which  is  perceived  during  the  slaking  of  lime. 

(b)  Lime  absorbs  moisture  from  the  atmosphere,  and  falls  gra- 
dually into  powder. 

(c)Lime  is  very  sparingly  soluble  in  water,  viz.  in  the  proportion 
of  about  1  to  500;  according  to  Thomson,  1  to  758;  to  Davy,  1  to 
450 ;  and  to  Dalton,  at  60°  Fahrenheit,  1  to  778.  The  experiments 
of  Mr.  Dalton  tend  to  establish  a  curious  fact  respecting  the  solu- 
bility of  lime,  viz.  that  it  dissolves  more  plentifully  in  cold  than  in 
hot  water. f  He  has  given  the  following  table,  the  first  column  of 
which  expresses  the  temperature  of  the  water;  the  second,  the 
number  of  grains  of  water  required  to  take  up  one  grain  of  lime; 
and  the  third,  the  number  required  to  dissolve  one  grain  of  hydrate 
of  lime. 


Temperature. 

60°     .     .     . 

Grains  of  water 

that  dissolve 

1  gr.  of  lime. 

.     .      .     778      .     .      . 

Grains  of  water 

that  dissolve 
1  gr.  of  hydrate. 

584 

13-°     .      .     . 

.      .     .     972     .     .     . 

720 

212°      .     .     . 

*  If  we  suppose  the  ice  at  32°,  then,  to  give  off  800°  of  caloric,  we  must  have 
the  ice  reduced  in  temperature  about  7  times  lower  than  any  hitherto-known 
reduction  of  temperature!     C. 

fin  the  above  diversity  of  opinion  as  to  a  point  of  fact,  we  see  the  difficulty 
under  which  all  theory  must  labour — and  in  the  greater  solubility  of  lime, 
in  cold,  than  in  hot  water,  we  equally  perceive  the  defects  of 'our  hypo- 
theses.   C. 
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At  the  freezing  point,  or  nearly  so,  Mr  Dalton  thinks  it  probable 
that  water  would  tak-s  up  nearly  twice  as  much  lime,  as  is  dis- 
solved by  boiling  water. 

Lime,  when  thus  dissolved,  forms  what  has  been  termed  lime- 
water.  This  solution  tastes  strongly  of  lime,  turns  vegetable  blues 
to  green,  and  unites  with  oil,  forming  an  imperfect  soap.  To  pre- 
pare the  solution,  lime  is  to  be  slaked  to  a  thin  paste,  and  a  suffi- 
cient quantity  of  water  afterwards  added.  The  mixture  is  to  be 
stirred  repeatedly,  the  lime  allowed  to  settle,  and  the  clear 
liquor  decanted  for  use.  It  must  be  preserved  in  closely  stopped 
vessels,  for  reasons  which  will  be  stated  in  the  chapter  on  carbonic 
acid. 

(e?)  Lime  does  not  combine,  in  any  notable  proportion,  with  the 
alkalis  or  earths  already  described. 

The  base  of  lime,  to  which  Sir  H.  Davy  has  given  the  name  of 
calcium,  he  has  never  been  able  to  examine,  exposed  to  air  or  un- 
der naphtha.  In  the  case,  in  which  he  was  able  to  distil  the  quick- 
silver from  its  amalgam,  to  the  greatest  extent,  the  tube  unfortu- 
nately broke  whilst  warm  ;  and,  at  the  moment  that  the  air  entered, 
the  metal,  which  had  the  colour  and  lustre  of  silver,  instantly  took 
fire,  and  burnt,  with  an  intense  white  light,  into  lime. 

There  appears  to  be  only  one  compound  of  calcium  and  oxygen, 
viz.  lime ;  and,  in  this,  the  oxygen  is  to  the  metal,  according  to  Sir  H. 
Davy,  as  7.5  to  20.  Berzelius  electrified  lime  liquor  in  contact  with 
mercury,  and  obtained  an  amalgam  of  mercury  with  calcium.  On 
this,  water  was  made  to  act;  and,  from  the  quantity  of  lime  that 
was  formed,  he  estimated  its  composition  to  be, 

Calcium    ....     71.73     ....   100 
Oxygen     ....     28.27     ....     39.4 


100  139.4 

This  would  make  the  atom  of  calcium  to  weigh  20,  and  the  atom 
of  lime  27.5,  and  of  the  hydrate  36. 


SECTION  IV. 

Magnesia. 

Magnesia  possesses  the  properties  of  an  alkali,  but  in  a  consi- 
derably It  ss  degree  than  any  of  the  foregoing  earths.  Its  characters 
are  as  follow  : 

When  perfectly  pure,  it  is  entirely  destitute  of  taste  and  smell. 
Its  specific  gravity  is  between  2  and  3 

II.  No  heat  is  excited  by  the  affusion  of  wat^>  and  only  a  very 
small  proportion,  not  exceeding  a  2000dth  its  weieht,  of  the  earth 
is  dissolved.  Magnesia  appears,  however,  to  have  some  affinity  for 
water ;  for  when  moistened,  and  afterwards  dried,  its  weight  is 
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found  increased  in  the  proportion  of  118  to  100.  When  precipi- 
tated by  pure  potash  or  soda  from  any  of  its  salts,  it  falls  down  in 
union  with  water  as  a  hydrat,  which,  when  dried  by  a  very  gentle 
heat,  forms  some  transparent  masses.  In  this  state,  according  to 
Davy,  it  contains  about  \  of  its  weight  of  water  ;  or,  according 
to  Berzelius,  100  parts  of  magnesia  absorb  from  142  to  144  of 
water. 

III.  Magnesia  changes  to  green  the  blue  colour  of  the  violet; 
but  the  watery  solution  of  magnesia,  when  filtered  through  paper, 
does  not  produce  a  similar  effect.  In  this  respect,  it  differs  from 
lime.     It  reddens  turmeric  like  the  alkalis. 

IV.  It  is  not  dissolved  by  liquid  alkalis,  nor  by  alkaline  earths ; 
and  in  the  dry  way,  it  has  no  affinity  for  barytesbr  strontites. 

The  base  of  magnesia,  for  which  Sir  H.  Davy  has  proposed  the 
term  ynagnesiumf'is  but  imperfectly  known.  In  the  attempts  to  dis- 
til its  amalgams,  the  metal  seemed  to  act  upon  the  glass,  even  be- 
fore the  whole  of  the  quicksilver  was  distilled  from  it.  In  one  ex- 
periment, in  which  the  process  was  stopped,  before  the  mercury 
was  entirely  driven  off,  it  appeared  as  a  solid,  having  the  same 
whiteness  and  lustre  as  the  other  metals  of  the  earths.  It  sunk 
rapidly  in  water,  though  surrounded  by  globules  of  gas,  and  pro- 
duced magnesia.  In  the  air,  it  quickly  changed,  becoming  covered 
with  a  white  crust,  and  falling  into  a  white  powder,  which  proved 
to  be  magnesia.  This  earth,  Berzelius  states,  in  round  numbers, 
to  consist  of  38  or  39  per  cent,  oxygen,  and  61  or  62  magnesium. 


SECTION  V. 

Silex. 

I.  Siliceous  earth,  or  silex,  may  be  obtained  tolerably  pure  from 
flints  by  the  following  process  : — Procure  some  common  gun-flints, 
and  calcine  them  in  a  crucible  in  a  low  red-heat.  By  this  treat- 
ment they  will  become  brittle,  and  easily  reducible  to  powder. 
Mix  them,  when  pulverized,  with  three  or  four  times  their  weight 
of  carbonate  of  potash,  and  let  the  mixture  be  fused  in  a  strong  red- 
heat,  in  a  crucible.  The  materials  must  bear  only  a  small  propor- 
tion to  the  capacity  of  the  crucible  ;  and  the  heat  must  at  first  be 
very  moderate,  and  slowly  increased.  Even  with  this  precaution, 
the  mass,  on  entering  into  fusion,  will  be  apt  to  overflow  ;  and  must 
be  pressed  down  as  it  rises,  by  an  iron  rod.  When  this  efferves- 
cence has  ceased,  let  the  heat  be  considerably  raised,  so  that  the 
materials  may  be  in  perfect  fusion  during  half  an  hour,  and  pour  the 
melted  mass  on  a  copper  or  iron  dish.  We  shall  thus  obtain  a 
compound  of  alkal^and  siliceous  earth.  Dissolve  this  in  water,  fil- 
ter the  solution,  and  pour  it  into  diluted  sulphuric  or  muriatic  acid. 
An  immediate  precipitation  will  ensue,  and,  as  long  as  this  conti- 
nues, add  fresh  portions  of  the  solution.     In  precipitating  the  alka- 


ECT.  V.  SILEX.  !83 

line  solution  of  silex,more  acid  must  be  used  than  is  sufficient  to 
engage  the  alkali ;  and  the  alkaline  liquor  must  be  added  to  the 
acid,  and  not  the  reverse  ;  for,  in  the  latter  case,  the  precipitate 
will  be  glass,  and  not  silex.  Let  the  precipitate  subside,  pour  off 
the  liquor  that  floats  above  it,  and  wash  the  sediment  with  hot  wa- 
ter, till  it  comes  off  tasteless.     Then  dry  it. 

Silex,  obtained  by  this  process,  though  pure  enough  for  the  fol- 
lowing experiments,  may  still  contain  a  portion  of  alumine.  To 
separate  the  latter  earth,  boil  the  precipitate  with  diluted  sulphuric 
acid,  to  which  a  little  sulphate  of  potash  may  be  added.  The  alu- 
mine will  thus  be  dissolved  ;  and  the  silex  may  be  freed  from  the 
solution  of  alum  by  repeated  washings  with  water.  Even  siiex, 
however,  that  has  been  most  carefully  washed,  still  give  traces  of 
potash  on  the  application  of  electro-chemical  powers.     (Davy.) 

II.  Siliceous  earth,  as  thus  obtained,  has  the  following  qualities: 

(a)  It  is  perfectly  white  and  tasteless.  It  is  infusible,  except  by 
the  intense  heat  of  Voltaic  electricity.  To  a  certain  degree  it  ap- 
pears to  be  volatile,  for  a  filamentous  substance,  collected  from  iron 
furnaces,  and  resembling  amianthus,  was  found  by  Vauquelin  to  be 
pure  silex. 

(6)  When  mixed  with  water,  it  does  not  form  a  cohesive  mass 
like  alumine,  and  has  a  dry  and  harsh  feel  to  the  fingers.  It  retains, 
when  fresh  precipitated,  about  26  per  cent,  of  water,  after  being 
dried  at  70°  Fahrenheit.  But,  according  to  Berzelius,  this  water 
is  not  chemically  combine'd. 

(r)  It  is  insoluble  in  water.  Yet,  when  fresh  precipitated,  water 
has  the  property  of  retaining  in  solution  about  one  thousandth  of  its 
weight.*  That  silex,  however,  is  dissolved  in  water  by  processes 
of  nature,  can  scarcely  be  doubted,  when  it  is  considered,  that  it  is 
lound,in  considerable  quantities,  in  a  crystallized  form. 

(d)  It  is  not  acted  on  by  any  acid,  except  the  fluoric.  Sulphuric 
acid  poured  on  this  compound,  according  to  Dalton,  expels  the 
fluoric  acid,  but  does  not  unite  with  the  silex.  But  though  the 
earth  itself  is  not  dissolved  by  acids,  yet  when  first  combined  with 
an  alkali,  it  unites  with  several  acids,  forming  triple  salts. f  When 
fresh  precipitated,  however,  Dr.  Marcet  asserts,  that  it  is  sparingly 
soluble  in  most  acids;  and,  for  this  reason,  he  recommends,  in  ana- 
lysis, to  precipitate  silex  by  muriate  of  ammonia,  which  does  not, 
like  the  acids,  redissolve  it. 

(e)  When  prepared  in  the  foregoing  manner,  and  very  minutely 
divided,  silex  is  taken  up  by  a  solution  of  pure  potash,  or  of  soda, 
but  not  by  ammonia.  In  the  aggregated  state  of  flints,  however,  it 
is  perfectly  insoluble  in  this  way  by  alkaline  solutions,  an  excellent 
illustration  of  the  principle  that  a  very  minute'  division  of  solid  bo- 
dies, by  presenting  a  greater  surface  to  the  action  of  fluids,  facili- 
tates solution. 

(/)  When  mixed  with  an  equal  weight  of  carbonate  of  potash, 
and  exposed  to  a  strong  heat  in  a  furnace,  it  forms  a  glass,  insoluble 
in  water,  and  identical  in  all  its  properties  with  the  glass  common- 

*  See  KlaprouYs  Contributions,  vol.  i.  pace  399,  400. 
f  81  An.  Chim.239 
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ly  manufactured.  It  is  owing  to  the  siliceous  earth  which  it  con- 
tains, that  glass  is  decomposed  by  the  fluoric  acid.  Glass,  however, 
has  occasionally  other  ingredients,  besides  the  two  that  have  been 
mentioned.* 

(;§•)  With  a  larger  proportion  of  alkali,  as  three  or  four  parts  to 
one  ot  silfcx,  this  earth  affords  a  compound  called,  by  Dr.  Black, 
silicated  alkali.  This  compound,  formed  by  the  process  which  has 
been  just  described,  is  soluble  in  water,  and  affords  a  good  example 
of  the  total  change  of  the  properties  of  bodies  by  chemical  union; 
for,  in  a  separate  state,  no  substance  whatever  is  more  difficult  of 
solution  than  silex.  The  solution  of  siLcated  alkali  was  formerly 
termed,  liquor  silictan,  or  liquor  of  Jlints.  Acids  seize  the  al- 
kali, and  precipitate  the  silex,  which  is  even  separated  by 
mere  exposure  to  the  atmosphere,  in  consequence  of  the  absorp- 
tion  of  carbonic  acid  by  the  alkali.  Without  attention  to  the  circum- 
stances mentioned  in  speaking  cf  its  preparation,  glass,  and  not 
silex,  is  separated  by  acids.f 

(A)  Barytes,  or  stiontites,  and  silex  combine  together,  in  a  man- 
ner similar  to  the  union  of  this  earth  with  alkalis;  but  the  combina- 
tion has  not  been  applied  to  any  useful  purpose. 

(;)  When  a  soluiion  of  silex  in  potash  is  mingled  with  one  of 
barytes,  of  strontites,  or  of  lime  in  water,  or  of  alumine  in  al- 
kcui,  a  precipitation  ensues.  Hence  silex  may  be  inferred  to 
have  an  affinity  lor  all  these  earths,  in  the  humid  way.  The 
composition  of  these  precipitates  is  stated' by  Mr.  Dalton  in  his  Sys- 
tem, p   541. 

Base  of  silex. — Tn  his  attempts  to  obtain  the  base  of  silex, 
or  silicium,  in  a  state  of  separation,  Sir  H.  Davy  has  hitherto 
been  unsuccessful ;  though  the  results  of  his  experiments  leave 
little  room  to  doubt  that  this  earth  is,  like  the  rest,  a  metallic 
oxide. 

Berzelius  decomposed  silex,  by  fusing  it  with  charcoal  and  iron 
in  a  blast  furnace.  He  obtained  an  alloy  of  iron  and  silicium^ 
which,  by  the  action  of  a  diluted  acid,  gave  more  hydrogen 
than  the  same  weight  of  iron  \  This  process  was  successfully 
repeated  by  Stromheyer,  and  the  properties  of  the  different  alloys 
investigated.  He  recommends  the  fusion  of  7  parts  of  iron,  5  of 
silex,  and  from  A  to  T8oths  of  a  part  of  soot.  From  the  results 
of  acting  on  the  alloy  by  dilute  acids,  Berzelius  infers  silex  to 
consist  of 

Silicium     .     .     .     45.92     ...     100 
Oxygen     .     .     .     54.  J8     .     .     .     117.38 


100.  217.38 


*  See  Guyton  Ann.  de  Chim.  vol.  73. 
f  See  Dalton,  p.  538. 

*  81  An.  Ch.  179.    See  also  his  account  of  an  attempt  to  analyze  silica,  in  40 
Phil.  Mag.  201. 
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And  Sir  II.  Davy  deduces  the  proportions  to  be  31  of  metal  to  30 
oxygen.  These  numbers,  however,  can  be  considered  in  no  other 
light  than  as  approximations  j  but  since,  according  to  recent  expe- 
riments,* three  parts  of  potassium  are  required  to  decompose  one 
of  silex,that  earth  cannot  contain  much  less  than  half  its  weight  of 
oxygen.  The  base,  Sir  H.  Davy  now  believes  not  fo  be  a  metal,  but 
a  substance  most  resembling  boron  ;  and  like  it  bearing  an  analogy 
to  charcoal,  sulphur,  and  phosphorus. f 


SECTION  VI. 

Alumine. 

I.  Alurtine  may  be  ob(aincd&ee  from  other  earths,  but  still  com- 
bined with  carbonic  acid,  by  precipitating  a  solution  of  alum  in 
water  by  the  crystallized  carbonate  of  potash.  Tojsecure  its  com- 
plete purification  from  sulphuric  acid,  Guyton  advises  that  the  pre* 
cipitate  be  re-dissolved  in  nitric  acid,  that  nitrate  of  barytes  be  cau- 
tiously added  to  the  solution,  till  it  no  longer  occasions  milkiness, 
and  that  the  alumine  be  afterwards  precipitated,  or  separated  from 
the  nitric  acid  by  heat.|  Electro-chemical  analysis,  however,  in 
this  as  in  many  other  instances,  shows  the  imperfection  of  the  com- 
mon methods  of  separating  bodies  from  each  other  ;  for  the  most 
carefully  prepared  alumine  yields  the  metals  of  soda  and  potash, 
when  negatively  electrified  in  contact  with  mercury .§  Berzelius, 
also,  found  that  when  alumine  is  precipitated  either  from  the  sul- 
phate or  nitrate,  it  is  contaminated  with  those  acids;  but  not  with 
the  muriatic,  when  thrown  down  from  the  muriate  of  alumine  by 
ammonia. 

II.  Alumine  has  the  following  properties  : 

1.  It  is  destitute  of  taste  and  smell. 

2.  When  moistened  with  water,  it  forms  a  cohesive  and  ductile 
mass,  susceptible  of  being  kneaded  into  a  regular  form.  It  is  not 
soluble  in  water  ;  but  retains  a  considerable  quantity,  and  is,  indeed, 
a  hydrate,  containing,  when  dried  at  the  temperature  of  the  atmo- 
sphere, almost  half  its  weight  of  water.  Even  after  ignition,  alu- 
mine has  such  an  affinity  for  moisture,  that  it  can  scarcely  be  placed 
on  the  scale,  without  acquiring  weight.  Berzelius  found  that  100 
parts  of  alumine,  after  being  ignited,  gained  15  J  from  a  dry  atmo- 
sphere, and  33  from  a  humid  one.  For  full  saturation,  100  grains  of 
alumine,  he  ascertained,  require  54  of  water.|| 

3.  It  does  not  affect  blue  vegetable  colours. 

*  Phil.  Trans?  1814,  p.  67. 

f  Berxelius  has  lately  attempted  to  shew  that  silex  acts  the  part  of  an 
acid,  in  many  of  its  combinations ;  and  hence  we  are  by  him,  presented  with  an 
extensive  class  of  ailiciates.    C. 

t  Annates  deChimie,  xxxii.  64. 

§  Davy,  Philosophical  Transactions,  1808, 

II  82  An.  Chim.  14. 

a  a 
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4.  It  is  dissolved  by  the  liquid  fixed  alkalis,  and  is  precipitated 
by  acids  unchanged.  In  ammonia,  it  is  very  sparingly  soluble.  It  h 
not  soluble  in  alkaline  carbonates.    . 

5.  Barytcs  and  strontites  combine  with  alumine,  both  by  fusion 
and  in  the  humid  way.  In  the  first  case,  the  result  is  a  greenish  or 
bluish  coloured  mass.  In  the  second,  two  compounds  are  formed. 
The  first,  containing  an  excess  of  alumine,  is  in  the  state  of  an  in- 
soluble powder ;  the  other,  having  an  excess  of  the  alkaline  earth, 
remains  in  solution.  Alumine  may  be  united,  by  fusion,  with  the 
fixed  alkalis,  and  With  most  of  the  earths. 

6  Alumine,  as  will  be  afterwards  shown,  has  a  strong  affinity  for 
colouring  matter. 

7.  Alumine  has  the  property  of  shrinking  considerably  in  bulk, 
when  exposed  to  heat,  and  its  contraction  is  in  proportion  to  the 
intensity  of  the  heat,  applied.  On  this  property  is  founded  the 
fiyrometer  of  Wedgwood,  which  measures  high  degrees  of  heat,  by 
the  amount  of  the  contraction  of  regularly  shaped  pieces  of  china 
clay.  The  pieces  of  clay  are  small  cylinders,  half  an  inch  in  dia- 
meter, flattened  on  the  under  surface,  and  baked  in  a  low  red-heat. 
The  contraction  of  these  pieces  is  measured,  by  putting  them  be- 
tween two  fixed  rulers  of  brass  or  porcelain,  twenty-four  inches  long, 
half  an  inch  distant  from  each  other  atone  end,  and  three  tenths  of 
an  inch  at  the  other.  The  rulers  are  divided  into  240  equal  parts, 
called  degrees,  which  commence  at  the  wider  end  ;  and  each  of 
which  is  equal  to  130°  of  Fahrenheit.  When  the  clay  piece  is  fix- 
ed in  its  place,  before  exposure  to  heat,  it  is  stationary  at  the  first 
degree,  which  indicates  about  1077°  of  Fahrenheit.  After  being 
strongly  heated,  in  a  small  case  which  defends  it  from  the  fuel, its 
bulk  is  diminished,  and  it  slides  down,  between  the  converging  ru- 
lers, till  stopped  by  their  approach.  The  number  on  the  graduated 
scale,  opposite  to  the  upper  end  of  the  piece,  indicates  the  degree 
of  heat  to  which  it  has  been  exposed.  In  the  Appendix,  rules  may 
be  found  for  reducing  the  degrees  of  Wedgwood's  pyrometer  to 
those  of  Fahrenheit's  thermometer.* 

Almost  every:  thing  that  has  been  said  respecting  the  base  of 
silex  is  true,  also,  of  that  of  alumine  ;  for  Sir  H.  Davy  attempted  the 
decomposition  of  the  two  earths  by  much  the  same  processes.  All 
that  his  results  afford,  is  a  strong  presumption  that  alumine  is  a  me- 
tallic oxide  ;  but  its  base,  alumium,  has  not  been  yet  obtained  in 
such  a  state  as  to  make  it  a  fit  object  of  investigation.  Yet  alloys 
have  been  formed,  which  give  sufficient  evidence  of  its  existence; 
•and  the  presence  of  oxygen  in  alumine  is  proved,  by  its  changipg 
potassium  into  potash  when  ignited  with  that  metal. 


*  In  the  4th  edition  of  the  American  Dispensatory  will  be  found  snme  no- 
tice of  a  probable  error  as  to  the  presumed  range,  Sec.  of  Wedgwood's  p^o- 
meter.*  G. 
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Zircon. 

I.  This  earth  was  discovered  by  Klaproth  in  the  year  1789,  in  . 
precious  stone  from  the  island  of  Ceylon,  called  Jargon  or  Zii  con  ; 
and  has  since  been  detected  in  the  hyacinth.  It  may  be  obtained  by 
the  following  process  : 

Reduce  the  hyacinth  to  fine  powder,  which  may  be  done  in  an 
agate  mortar,  alter  previously  igniting  the  stone,  and  plunging  it 
into  cold  water,  to  render  it  brittle.  Mix  the  powder  with  nine 
times  its  weight  of  pure  potash  ;  and  project  it,  by  a  spoonful  at 
once,  into  a  red-hot  crucible,  taking  care  not  to  add  fresh  pot  rons 
till  the  former  ones  are  melted.  When  the  whole  is  in  fusioi  in- 
crease the  heat  for  an  hour,  or  an  hour  and  a  half.  When  the  cru- 
cible has  cooled,  break  it,  and  detach  its  contents  ;  reduce  them  to 
powder,  and  boil  them  with  distilled  water.  Let  the  insoluble  part 
subside  ;  decant  the  clear  liquor,  and  wash  the  sediment  with  water, 
till  the  washings  cease  to  precipitate  muriated  barytes.  On  the 
residuum  pour  muriatic  acid  to  excess,  and  boil  it  during  a  quar- 
ter of  an  hour;  filter  the  liquor,  and  evaporate  to  dryness  in  a 
leaden  vessel.  Re-dissolve  the  dry  mass  ;  filter  again,  and  pre- 
cipitate the  zircon  with  carbonate  of  soda.  The  carbonate  of  zircon 
is  thus  obtained,  from  which  the  carbonic  acid  may  be  expelled  by 
calcination. 

II.  Zircon  has  the  following  properties  : 

1.  It  has  the  form  of  a  fine  white  powder,  which  has  some- 
what the  harsh  feel  of  silex,  when  rubbed  between  the  fingers. 
It  is  entirely  destitute  of  taste  and  smell.  Its  specific  gravity 
exceeds  4. 

2.  It  is  insoluble  in  water;  yet  it  appears  to  have  some  affinity  for 
that  fluid,  for  it  retains,  when  slowly  dried  after  precipitation,  one 
third  its  weight,  and  assumes  a  yellow  colour  and  slight  transparen- 
cy, like  that  of  gum  Arabic. 

3.  It  is  insoluble  in  pure  liquid  alkalis  ;  nor  does  it  even  combine 
with  them  by  fusion ;  but  it  is  soluble  in  alkaline  carbonates.  In  the 
foregoing  process,  therefore,  the  carbonate  of  soda  should  not  be 
added  to  excess. 

4.  Exposed  to  a  strong  heat,  zircon  fuses,  assumes  a  light  grey 
colour ;  and  such  hardness,  on  cooling,  as  to  strike  fire  with  steel, 
and  to  scratch  glass,  or  even  rock  crystal. 

5.  Its  action  on  other  earths  has  not  been  fully  investigated. 

6.  It  is  precipitated  from  its  solutions  in  acids  by  triple  prussiate 
of  potash.* 

III.  The  base  of  zircon,  or  zirconium,  is  still  unknown  to  us, 
though  investigated  by  Sir  H.  Davy  in  the  same  manner  as  the 
base  of  silex.  When  potassium  was  brought  into  contact  with 
ignited  zircon,  potash  was  formed,  and  dark  metallic  particles 
were  diffused  through  the  alkali. 

*  Klaproth,  ii.  214. 
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SECTION  VIII. 

Glucine. 

I.  This  earth  was  discovered  by  Vauquelin,  in  the  year  1798. 
He  obtained  it  from  the  aqua  marine  or  beryl,  a  precious  stone 
of  a  green  colour,  and  very  considerable  hardness,  which  is  found 
crystallized  in  Siberia.  Glucine  has  since  been  detected  in  the 
emerald  of  Peru,  and  in  the  gadolinite.  The  following  process 
may  be  employed  to  separate  it  from  the  beryl: 

Let  the  stone,  reduced  to  a  fine  powder,  be  fused  with  three 
times  its  weight  of  pure  potash.  To  the  fused  mass  add  a  quan- 
tity of  water,  and  afterwards  diluted  muriatic  acid  ;  which  last  will 
effect  a  complete  solution.  Evaporate  the  solution  to  dryness,  re- 
dissolve  the  dry  mass,  and  add  carbonate  of  potash  so  long  as  any 
precipitation  ensues.  Dissolve  the  precipitate  in  sulphuric  acid, 
add  a  little  sulphate  of  potash  ;  and,  on  evaporation,  crystals  of 
alum  will  be  obtained.  By  this  process  the  alumine  is  detached. 
The  residuary  liquor,  which  yields  no  more  crystals,  contains  the 
glucine,  and  a  small  portion  of  alumine.  Add  a  solution  of  carbo- 
nate of  ammonia  to  excess;  this  will  throw  down  the  alumine, 
and  the  glucine  will  remain  dissolved  by  the  superabundant  carbo- 
nate. When  this  solution  is  evaporated  to  dryness,  and  moderate- 
ly heated,  the  alkaline  carbonate  is  expelled,  and  a  carbonate  of 
glucine  remains,  in  the  proportion  of  16  parts  from  every  100  parts 
of  the  stone. 

II.  Glucine  has  the  following  properties: 

1.  It  is  a  fine  white  and  soft  powder,  resembling  alumine  in  its 
sensible  properties;  and,  like  that  earth,  adhering  to  the  tongue. 
Its  specific  gravity  is  2.97. 

2.  It  has  no  action  on  blue  vegetable  colours. 

3.  It  does  not  harden,  or  contract,  like  alumine,  by  heat ;  and  is 
infusible. 

4.  It  is  insoluble  in  water,  but  forms  with  it  a  ductile  paste. 

5.  It  is  soluble  in  liquid  potash  and  soda,  but  not  in  the  solution 
of  pure  ammonia.     In  these  respects  it  agrees  with  alumine. 

6.  Glucine  is  soluble  in  carbonate  of  ammonia ;  a  property  dis- 
tinguishing it  from  alumine. 

7.  It  appears,  like  alumine,  to  have  an  affinity  for  colouring  mat- 
ter. 

8.  With  the  different  acids  it  forms  combinations,  which  have  a 
sweet  and  rather  an  astringent  taste.  Hence  its  name  has  been  de- 
rived from  yXvxvs,  signifying  sweet. 

9.  It  is  not  precipitated  by  triple  prussiate  of  potash. 

III.  We  have  no  knowledge  of  the  base  of  glucine.  When  ob- 
tained, its  proper  denomination  will  be  glucinum.  The  general 
fact  of  its  existence  is  proved  by  igniting  glucine  with  potassium, 
>frhich  is  thus  changed  into  potash. 
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SECTION  IX. 

Yttria  or  Ittria. 

I.  This  earth  was  discovered  in  1794,  by  Professor  GadoIin,in  a 
stone  from  Ytterby  in  Sweden,  and  its  title  to  the  character  of  a 
peculiar  eanh  rests,  also,  on  the  unquestionable  authority  of  Kla- 
proth  and  Vauquelin,  both  of  whom  have  made  it  the  subject  of 
experiment.  The  following  process  for  obtaining  it,  is  described 
by  Vauquelin  in  the  36th  volume  of  the  Annates  de  Chimie,  page 
150. 

Fuse  the  pulverized  stone  (called  Gadolinite)  in  the  manner  al- 
ready described,  with  twice  its  weight  of  potash ;  wash  the  mass 
with  boiling  distilled  water,  and  filter.  The  filtered  solution, 
which  has  a  beautiful  green  colour,  yields,  during  evaporation,  a 
black  precipitate  of  oxide  of  manganese.  When  this  has  ceased 
to  appear,  allow  the  liquor  to  stand ;  decant  the  clear  part,  and  sa- 
turate with  nitric  acid.  Let  the  insoluble  part  be,  also,  digested 
with  extremely  dilute  nitric  acid,  which  will  take  up  the  soluble 
earths  only,  and  will  leave,  undissolved,  the  silex  and  oxide  of  iron. 
Let  the  two  portions  be  mingled  together,  and  evaporated  to  dry- 
ness ;  then  re-dissolved  and  filtered :  by  which  means  any  remains 
of  silex  and  oxide  of  iron  are  separated.  To  obtain  the  yttria 
from  the  nitric  solution,  it  would  be  sufficient,  if  no  other  earth 
were  present,  to  precipitate  it  by  carbonate  of  ammonia  ;  but  small 
portions  of  lime,  and  of  oxide  of  manganese,  are  still  present  along 
with  it.  The  first  is  separated  by  a  few  drops  of  carbonate  of  pot- 
ash ;  and  the  manganese,  by  the  cautious  addition  of  hydro-sul- 
phuret  of  potash.  The  yttria  is  then  to  be  precipitated  by  pure 
ammonia,  washed  abundantly  with  water,  and  dried.  It  amounts 
to  about  35  per  cent,  of  the  stone. 

II.  Yttria  has  the  following  properties  : 

1.  It  is  perfectly  white  ;  but  it  is  difficult  to  preserve  it  free  from 
a  slight  tinge  of  colour,  ovving  to  its  contamination  with  oxide  of 
manganese. 

2.  It  has  neither  taste  nor  smell ;  and  it  is  smooth  to  the  touch, 
like  alumine. 

3.  It  is  insoluble  in  water,  and  infusible  except  by  an  intense 
heat. 

4.  It  is  very  ponderous  ;  its  specific  gravity  being  4.842. 

5.  It  is  not  attacked  by  pure  alkalis  ;  and,  in  this  respect,  it  dif- 
fers from  glucine  and  alumine,  both  of  which  are  abundantly  so- 
luble in  fixed  alkalis. 

6.  Like  glucine,  it  is  soluble  in  carbonate  of  ammonia,  but  five  or 
six  times  less  so  than  that  earth ;  or,  in  other  words,  of  equal  quan- 
tities of  glucine  and  yttria,  the  latter  requires  for  solution  five  or 
six  times  more  of  the  carbonate  of  ammonia  than  the  former. 

7.  It  is  soluble  in  most  acids ;  and  is  precipitated  by  pure  alkalis, 
by  barytes,  and  by  lime. 

8.  From  these  solutions  it  is  also  precipitated  by  the  oxalic  acich. 
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and  by  oxalate  of  ammonia,  in  a  state  resembling  precipitated  mu- 
riate of  silver.  Prussiate  of  potash  throws  it  down  in  small  white 
grains  passing  in  a  short  time  to  pearl  grey  ;  phosphate  of  soda  in  a 
white  gelatinous  form;  and  infusion  of  gal. s  in  brown  flocculi. 

9.  Yttria,  which  has  been  a  long  time  exposed  to  the  action  of 
fire,  gives  out  oxygenized  muriatic  acid,  when  dissolved  in  com- 
mon muriatic  acid;  .bus  manifesting  one  property  of  a  metallic 
oxide.* 

III.  The  base  of  yttria  has  not  yet  been  exhibited  in  a  separate 
form;  but  the  presence  of  oxygen  in  yttria  is  established  by  its 
converting  potassium  into  potash,  when  ignited  with  that  metal. 


CHAPTER  X. 

OF    ACIDS    IN    GENERAL. 

The  term  'acid  is  assigned  to  all  bodies,  that  possess  one  or 
more  of  the  following  properties. 

1.  The  acids  have  a  peculiar  taste,  which  is  expressed  in  com- 
mon language,  by  ttie  term  sourness.  This  is  very  different,  as  to 
its  degree,  in  different  acids.  In  some  it  is  so  intensely  strong, 
that  they  cannot  be  applied  to  tiie  tongue  without  producing  pain; 
and  it  characterizes  them,  even  when  diluted  with  several  hundred 
times  their  weight  of  water.  The  sourness  of  others  is  such  only, 
as  to  render  them  agreeable  to  the  palate. 

2.  The  acids  redden  blue  vegetable  colours ;  and  they  possess 
this  property  even  when  very  greatly  diluted.  Hence  blue  vege- 
table infusions,  or  papers  stained  with  them,  become  tests  of  the 
presence  of  uncombined  acids.  A  single  drop  of  sulphuric  acid 
is  capable  of  reddening  a  large  quantity  of  water  coloured  with 
iitmus,  or  with  syrup  of  violets. 

3.  The  acids  combine  chemically  with  alkalis,  earths,  and  metal- 
lic oxides  ;  and  totally  destroy  the  peculiar  qualities  of  those  bo- 
dies. Let  a  few  ounce-measures  of  water  be  tinged  blue  with  sy- 
rup of  violets ;  add  a  few  drops  of  solution  of  potash,  and  the  co- 
lour will  be  changed  to  green  ;  then  drop  in,  very  slowly  and  cau- 
tiously, sulphuric  acid  much  diluted,  and  the  blue  colour  will  be  PC- 

.  stored.  At  this  point,  neither  the  acid  nor  the  alkali  is  in  excess, 
j  or, they  are  said  to  neutralize  each  other;  and,  on  farther  exami- 
|  nation,  it  will  be  found  that  the  other  characteristic  qualities  of  the 
;  components  have  ceased  to  be  apparent  in  the  compound. 

It  is  not  necessary,  however,  in  order  to  entitle  a  body  to  rank 
among  the  acids,  that  it  should  possess  all  the  qualities  which  have 
been  enumerated.  The  prussic  acid,  for  example,  is  neither  sour 
to  the  taste,  nor  does  it  redden  blue  vegetable  colours ;  but  yet, 
from  its  manifesting  the  properties  of  chemical  combination,  enu- 
merated under  the  third  head,  it  is  arranged  among  the  acids. 

*  Nicholson's  Journal,  xviii.  77 
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Other  bodies,  again,  are  excluded  (though  perhaps  improperly) 
from  this  class,  which  possess,  partly,  the  characters  of  acids. 
Thus  sulphuretted  hydrogen  changes  the  blue  colours  of  vegeta- 
bles to  red  ;  and  combines  chemically  with  alkalis  and  earths.* 

All  the  acids  were  interred  by  Lavoisier,  from  analogy  with  those 
which  had  already  been  decomposed,  10  contain  oxygen,  which  was 
considered,  by  that  distinguished  philosopher,  as  the  general  prin- 
ciple or  cause  of  acidity.  Since  the  brilliant  discoveries  of  Sir  H. 
Davy,  we  may,  with  equal  justice,  consider  oxygen  as  the  general 
principle  of  alkalinity.  And  besides,  it  has  been  lately  proved 
with  respect  to  the  new  substance  iodine,  and  has  been  rendered 
highly  probable  with  respect  to  chlorine,  that  those  bodies  afford 
acids  by  combining  with  hydrogen.  The  theory,  therefore,  that 
oxygen  is  essential  to  acidity,  must  be  abandoned.!  But  it  is  still 
important  to  know  that  most  of  the  acids  contain  oxygen  ;  because 
it  explains  many  of  their  most  interesting  qualities,  depending  on 
the  transfer  of  oxygen  from  the  acids  to  the  bodies  on  which  they 
act. 

The  peculiar  properties  of  each  acid  are  derived  from  the  com- 
bustible base,  with  which  the  oxygen  is  united ;  and  so,  also,  is  its 
specific  name.  Thus  sulphur,  when  oxygenated,  affords  sulphuric 
acid ;  carbon,  carbonic  acid  ;  and  so  of  the  rest.  But  the  same- 
combustible  base  admits  of  being  combined  with  different  propor- 
tions of  oxygen ;  and  the  compounds,  thus  generated,  are  distin- 
guished by  a  very  different  train  of  qualities.  Sulphur,  for  exam- 
ple, when  combined  with  the  full  proportion  of  oxygen,  with  which 
it  is  capable  of  uniting,  affords  a  very  dense  and  corrosive  acid, 

*  It  appears  therefore  much  more  strictly  entitled  to  a  place  amongst  the 
acids,  than  the  prussic  above  mentioned.    C. 

f  So  much  for  theory!  "Quantum  mutata!"  This  is  perhaps  the  most 
powerful  lesson  against  forming  hypotheses  (theory,  falsely  called,  in  general) 
that  has  ever  yet  appeared  in  the  schools  of  philosophy.  Thirty  years  have  not 
yet  elapsed,  since  the  illustrious  Lavoisier,  by  giving  to  the  world  his  Elements 
of  Chemistry,  completely  changed  the  whole  aspect  of  the  science.  The  no- 
menclature, in  which  he  bore  so  conspicuous  a  part,  and  which  he  has  so  lumi- 
nously explained  in  those  elements,  was  not  the  least  important  of  the  means 
which  led  to  the  overthrow  of  the  doctrines  of  phlogiston.  The  theories  of  aci- 
dification, and  of  combustion,  were  pronounced  perfect  by  most  of  his  cotempo- 
raries ;  and  many  of  his  opinions  of  inferior  magnitude,  were  also  considered 
as  completely  settled.  A  few  revolving  years  have,  however,  shown  how  imper- 
fect were  the  facts  then  known,  on  which  to  erect  so  imposing  a  superstructure. 
The  discoveries  that  have  since  been  made,  through  the  agency  of  galvanism 
and  other  causes,  have  made  this  beautiful  fabric  totter  to  its  fall.  The  nomen- 
clature itself,  from  what  is  stated  in  the  text,  is  in  many  respects  erroneous,  how- 
ever correct  the  principles  may  be  on  which  it  was  established;  and  from  the 
multiplicity  of  terms,  which  nowbegin  to  overburden  the  memory,  (nearly  as 
much  so  as  the  illegitimate  and  barbarous  names  of  former  times,)  there  is  great 
reason  to  believe  that,  ere  long,  an  entirely  new  nomenclature  will  require 'to  be 
constructed.  Since,  however,  even  in  France,  the  doctrines  of  Lavoisier  are  no 
longer  implicitly  followed,  it  is  to  be  hoped  that  in  this  country,  we  shall  be 
equally  open  to  conviction ;  and  not  hesitate  to  renounce  what  may  be  incorrect, 
even  though  it  may  cause  us  to  retrace  the  steps  in  which  we  have  been  edu- 
cated. Would  not  Lavoisier  have  done  so,  had  he  lived  to  the  present  period  ? 
My  opinion  of  his  candour,  and  of  his  love  of  truth,  prevents  a  doubt  in  mv  mind 
upon  the  subject.    C. 
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called  the  sulphuric  ;  when  oxygenated  in  a  less  degree,  it  yields  a 
penetrating  and  suffocating  gas  called  the  sulphurous  acid.*  By 
these  two  terminations,  the  degrees  of  oxygenation  are  distinguish- 
ed. Thus  we  have  the  phosphoto'c  and  phosphorous  acids,  the  ni- 
tric and  nitrons  ;  the  termination  ic  denoting  an  acid  with  its  full 
proportion  of  oxygen.  In  some  cases,  a  combustible  base,  which 
affords  an  acid  when  fully  oxygenated,  constitutes  only  an  oxide 
when  combined  with  a  less  quantity  of  oxygen.  Carbon,  for  ex- 
ample, affords  carbonous  oxide  and  carbonic  acid,  but,  so  far  as  is 
hitherto  known,  no  intermediate  product. 

The  following  table  exhibits  the  compounds,  which  result  from 
the  oxygenation  of  some  of  the  principal  combustible  bases. 
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carbonic  acid, 
carbonous  oxide, 
sulphuric  acid, 
sulphurous  acid, 
oxide  of  sulphur? 
nitric  acid, 
nitrous  acid, 
nitric  oxide, 
nitrous  oxide, 
phosphoric  acid, 
phosphorous  acid, 
oxide  of  phosphorus  l 


It  is  in  consequence  of  the  oxygen  which  they  contain,  that  se- 
veral of  the  acids  are  decomposed  by  inflammable  substances,  with 
the  disengagement  of  intense  heat  and  light ;  or  that  the  acids  are 
(as  they  have  been  well  termed  by  Dr.  Thomson)  sufifiorters  of  com' 
bustion.  This  property  belongs  most  remarkably  to  the  acids,  in 
which  oxygen  is  most  weakly  combined.  Thus  the  nitric  acid  re- 
tains its  oxygen  so  feebly,  that  many  inflammable  substances,  when 
merely  introduced  into  it  at  the  ordinary  temperature  of  the  atmo- 
sphere, take  fire  and  burn  with  vehemence. t 

All  acids  in  a  solid  or  liquid  state,  it  has  been  observed  by  Ber- 
zelius,  contain  water  as  an  essential  element,  and  do  not  abandon  it 
without  decomposition.  Sulphuric  and  nitric  acids,  for  example, 
cannot  exist  independently  of  water.  In  acids  that  are  capable  of 
assuming  a  solid  form,  water  appears  to  exist  in  two  states,  as  a 
base  essential  to  the  constitution  of  the  acid,  and  as  water  of  crys- 
tallization.    Thus  the  citric  acid  in  crystals  contains  21  per  cent. 


*  This  word  is  often,  I  may  say  generally,  incorrectly  spelled,  sulphureoa**- 
so  phosphoreow*,  &c.  This,  and  others  ending1  in  ous,  ought  never  to  have  the 
interposed  e,  if  we  wish  to  write  in  conformity  with  the  principles  of  the  esta« 
blushed  nomenclature.     C. 

t  And  yet,  although  thus  admitted  to  "  retain  its  oxygen  so  feebly,"  it  is  re»- 
g&rded  as  being  undecomposed  (and  therefore  I  should  say,  inactive)  in  the  pro' 
cess  of  procuring  nitrogen  from  flesh  !    C. 
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of  water,  of  which  only  one  third  can  be  expelled  by  heat  without 
destroying  the  acid. 

Every  acid,  with  a  few  exceptions,  is  capable  of  uniting  with 
each  individual  of  the  classes  of  alkalis,  earths,  and  metallic  ox- 
ides. In  these  compounds,  the  separate  qualities  of  the  compo- 
nent principles  are  in  many  instances  no  longer  apparent,  and 
hence  they  have  been  called  neutral  salts.  In  every  salt,  then, 
there  are  present  two  distinct  ingredients.  The  acid,  of  whatever 
kind  it  may  be,  has  been  denominated,  by  Lavoisier,  the  salifying 
prmci/ilc  ;  and  the  body,  with  which  the  acid  is  combined,  whether 
an  alkali,  an  earth,  or  an  oxide  of  any  of  the  common  metals,  the 
salifiable  base,  or  simply  the  base.  The  salts,  formed  by  an  indivi- 
dual acid  with  all  these  different  bases,  may  be  considered  as  a  ge- 
nus or  class ;  and  may  be  distinguished  by  a  generic  name,  ex- 
pressive, in  part,  of  their  composition.  This  generic  name  is  taken 
from  that  of  the  acid.  The  combination  of  sulphuric  acid,  for  in- 
stance, with  any  base,  is  called  a  sulfihat  or  suljihate  ;  of  phospho- 
ric acid  a  /ihos/ihate  ;  and  so  of  the  rest.  The  name  of  the  indivi- 
dual salt  is  derived  from  that  of  the  base.  Thus  we  have  the  sal- 
/ihat  of  potash,  the  sulfihat  of  soda,  Sec.  But  sulphur,  phosphorus, 
and  other  bodies,  it  has  already  been  observed,  are  susceptible  of 
different  degrees  or  stages  of  oxygenation  ;  and  afford,  in  these 
different  stages,  acids  which  are  characterized  by  a  peculiar  train 
of  properties.  The  compounds,  also,  which  result  from  the  union 
of  two  different  acids,  having  the  same  combustible  base,  with  al- 
kalis and  earths,  are  altogether  different  from  each  other.  The  salt, 
for  example,  which  sulphuric  acid  affords  with  potash,  is  wholly 
unlike  that  which  results  from  the  combination  of  sulphurous  acid 
with  the  same  base.  It  was  necessary,  therefore,  to  distinguish 
the  compounds  of  the  more  oxygenated  from  those  of  the  less  oxy- 
genated acid  ;  and  this  has  been  done  by  changing  the  termination 
from  fl^or  ate  to  ite.  Thus  the  salts,  formed  with  sulphurous  and 
phosphorous  acid,  are  called  sulphites  and  phosphites;  as  sulphite 
of  potash,  phosphite  of  soda,  &c. 

An  important  law  has  been  deduced,  by  Berzelius,  respecting 
the  combination  of  acids  with  bases,  viz.  that  the  quantities  of  dif- 
ferent bases,  required  to  saturate  a  given  /quantity  of  any  acid,  all 
contain  the  same  quantity  of  oxygen.  For  example,  100  parts  of 
sulphuric  acid  are  saturated  by  a  quantity  of  any  base,  containing 
20  parts  of  oxygen ;  and  100  parts  of  muriatic  acid  by  a  quantity 
of  base,  which  holds  in  combination  30.49  parts  of  oxygen.  These 
proportions  do  not  seem  to  be  changed  by  varying  the  state  of  oxy- 
genation in  the  acid  ;  for  sulphites  absorb  oxygen  to  become  sul- 
phates, and  still  remain  neutral ;  the  phosphites,  when  changed 
into  phosphates,  give  up  phosphorus  and  continue  neutral.  It 
would  appear,  therefore,  that  the  proportion  between  the  oxygen 
of  the  acid,  and  that  of  the  base,  is  regulated  by  the  proportion  of 
the  combustible  ingredients  of  the  acid  and  base  to  each  other.  In 
sulphurets,  for  example,  the  metal  and  sulphur  are  in  such  propor- 
tion, that  when  both  are  oxygenated,  the  oxide,  resulting  from  the 
eme}  precisely  saturates  the  acid,  resulting  from  the  other,     These 

cb 
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facts  strongly  confirm  the  atomic  theory,  and  cannot,  indeed,  be 
explained  uy  any  other. 

Hitherto,  we  have  considered  the  compounds  of  acids  with 
their  respective  bases  only  in  the  state  of  neutral  compounds,  in 
which  neither  the  acid,  nor  the  base  predominates.  But  we  have 
several  instances,  in  which  a  neutral  compound  is  susceptible  of 
uniting  with  an  additional  quantity  of  acid  or  of  base,  and  thus  of 
acquiring  an  entirely  new  set  of  properties.  Potash  and  tartaric 
acid,  for  example,  when  united  in  the  proportions  which  neutralize 
each  other,  compose  an  extremely  soluble  salt,  which  has  no  action 
on  vegetable  colours ;  but  with  a  double  proportion  of  acid,  a  salt 
is  formed,  which  requires  a  large  quantity  of  water  for  solution, 
has  an  acid  tasie,  and  instantly  reddens  vegetable  blue  colours. 

To  distinguish  this  and  other  similar  salts,  the  epithet  acidulous 
was  first  proposed  ;  but,  for  the  sake  of  brevity,  it  has  now  become 
customary  to  prefix  the  Latin  preposition  sufier.  Thus  we  have 
the  sz//»er-tartrate  of  potash ;  the  super-sulphate  of  potash,  &c 
On  the  contrary,  when  the  base  is  predominate,  we  denote  the  de- 
ficiency of  acid  by  the  preposition  sub,  as  sub-carbonate  of  potash, 
sub  borate  of  soda,  &c.  In  the  instance  of  the  compounds  of  oxa- 
lic acid  with  potash,  Dr.  Wollaston  has  empioyed  the  words  binoxa- 
late,  and  guadroxalate,  to  express  the  proportions  in  which  the  acid 
unites  with  the  base  ;  and  this  method  of  nomenclature  he  has  ex- 
tended to  other  salts,  formed  by  the  union  of  an  acid  and  base  in 
different  proportions.  There  are  several  cases,  however,  in  which 
it  is  extremely  difficult  to  decide,  whether  a  salt  is  to  be  classed 
among  neutral,  or  among  sub  or  sufier  salts.* 

There  are  a  few  instances  of  salts  with  compound  bases  ;  and  in 
cases  of  this  kind  it  is  customary  to  annex  to  the  generic  name  those 
of  both  the  bases.  Thus,  for  example,  we  have  the  tartrate  of  pot1 
ash  and  soda,  the  phosphate  of  ammonia  and  magnesia,  or  as  it  is 
sometimes  called  ammoniaco-magnesian  phosphate. 

In  no  part  of  chemistry  is  the  advantage  of  the  new  nomenclature 
more  sensibly  experienced,  than  in  the  class  of  neutral  salts  ;  for  the 
number  of  these  compounds  is  susceptible  of  being  multiplied  to 
an  immense  extent.  If  the  knowledge  of  the  name  did  not  lead  to 
that  of  the  compound,  scarcely  any  memory  would  be  adequate  to 
retain  them.  But  by  changing  the  arbitrary  titles,  formerly  assign- 
ed to  them,  for  names  expressive  of  their  composition,  we  are  fur- 
nished with  a  kind  of  artificial  memory,  which  renders  their  re- 
collection perfectly  easy.  Thus  for  the  terms  butter  of  antimony, 
sugar  of  lead,  and  Glauber's  salt,  are  now  substituted  the  more  ap- 
propriate epithets  of  muriate  of  antimony,  acetate  of  lead,  and  sul- 
phate of  soda. 

Of  those  acids,  which  are  supporters  of  combustion,  a  few  retain 
the  same  property  even  in  combination.  Nitrate  of  potash,  it  is 
well  known,  enters  into  active  inflammation  with  charcoal,  sulphur, 
and  other  combustible  bodies.     This  is  owing  to  the  quantity  of 

*  See  the  remarks  of  Berzelius,  Ann.  de  Chim.  vol.  lxxix.  p.  264  and  vol.. 
taxxii.  p.  225.  * 
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oxygen  which  the  nitric  acid  contains,  and  which  is  less  strongly 
attracted  by  the  nitrogen  than  by  the  newiy  added  body. 

Other  properties,  general  to  the  class  of  salts,  have  already  been 
described  in  the  section  on  cohesion ;  especially  their  solubility,  and 
their  crystallization.  On  this  last  subject,  it  is  necessary  to  add  the 
general  law  deduced  by  Berzelius,  viz.  that  in  all  salts,  the  water 
of  crystallization  contains  a  quantity  of  oxygen  either  equal  to  that 
of  the  base;  or  a  multiplication  of  it  by  1,2,  3,4,  &c.  as  far  as  10;  or 
a  division  by  the  same  numbers.  In  sub-carbonate  of  soda,  and 
muriate  of  ammonia,  the  quantity  of  oxygen  in  the  water  is  equal 
to  the  oxygen  in  the  base  ;  in  muriate  of  barytes,  and  in  sulphates 
of  ammonia  and  lime,  the  oxygen  of  the  water  is  double  that  of  the 
base  ;  in  green  sulphate  of  iron,  the  oxygen  of  the  water  is  seven 
times  that  of  the  oxide  of  iron  ;  and,  lastly,  in  carbonate  and  phos- 
phate of  soda,  it  is  ten  times  that  of  the  base.* 

The  decrepitation  of  salts  when  suddenly  heated,  or  expulsion  of 
water  from  them  with  noise,  is  owing  probably  to  the  water  being 
held  not  chemically  but  mechanically ;  for  it  is  observed  only  in 
salts,  which  contain  too  small  a  quantify  of  water,  to  allow  its  being 
considered  as  an  essential  element  ;t  such  as  sulphate  of  potash,  and 
muriate  of  soda. 

The  deliquescence  of  salts  has  been  observed  by  Gay  Lussac 
to  bear  a  proportion  to  the  temperature,  at  which  saturated 
solutions  of  the  respective  salts  boil.  The  more  deliquescent 
the  salt,  the  higher  is  the  boiling  point  of  its  solution  ;  and  if  not 
deliquescent  at  all,  the  boiling  point  of  its  solution  is  the  same  as 
that  of  water.} 

Having  premised  these  general  observations  respecting  the  acids 
and  their  compounds,  I  shall  proceed  to  the  history  of  the  different 
acids,  ai  d  of  the  compounds  which  they  yield  with  the  several  al- 
kaline and  earthy  bases.  Under  each  head,  I  shall  first  enumerate 
the  properties  of  the  base  of  the  acid  ;  and  its  combinations  with 
such  other  combustible  bodies,  as  may  already  have  been  introduc- 
ed to  the  reader's  notice. 


CHAPTER  XL 

CARBONIC    ACID    AND    ITS    BASE; — CARBONATES. BINARY    COM- 
POUNDS OF    CARBON. 

The  bodies,  which  form  the  subject  of  this  chapter,  will  be  de- 
scribed in  the  following  order. 

I.  Carbon,  and  its  various  modifications. 

*  80  An.  de  Chim.  187,  note. 

-j-  This  position  at  best  is  highly  questionable ;  for  since  such  extreme  diversity 
appears  amongst  the  salts  in  this  respect,  it  seems  too  much  to  assert  so  posi- 
tively, that  the  water  in  the  salts  above  mentioned  ia  not  essential  to  them,  at 
least  in  their  perfect  crystalline  form.    C. 

*  82  An.  de  Ch.  171. 
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II.  The  compound  of  carbon  and  oxygen,  in  its  highest  stage  of 
oxygenation, constituting  carbonic  acid;  and,  connected  with  it, 
the  class  of  salts  called  carbonates. 

III.  The  oxide  of  carbon,  or  carbonous  oxide,  a  compound 
containing  less  oxygen  than  exists  in  carbonic  acid. 

IV    The  various  combinations  of  carbon  and  hydrogen,  termed 

CARBURETTED  HYDROGEN. 


SECTION  I. 

Carbon  and  Charcoal. 

It  had  long  been  admitted  as  an  established  truth,  chiefly  on 
the  evidence  of  the  experiments  of  Guyton,*  that  the  diamond  is  the 
only  form  of  pure  carbon';  and  that  charcoal  is  a  compound  of  car- 
bon and  oxygen,  or  an  oxide  of  carbon.  The  important  experiments 
of  Messrs.  Alien  and  Pepys  have  suggested,  however,  that  the 
diamond  and  charcoal,  though  so  widely  remote  from  each  other 
in  external  characters,  are,  as  to  their  chemical  nature,  identically 
the  same  ;  and  that  the  difference  between  them,  in  all  probability, 
results  merely  from  the  respective  states  of  aggregation  of  their 
particles. 

Some  doubts,  it  must  be  confessed,  were  thrown  on  this  conclo 
sion  by  an  experiment  of  Sir  H.  Davy,  in  which  an  inflammable 
gas  was  obtained,  by  igniting  charcoal,  in  a  Toricellian  vacuum, 
by  a  powerful  Voltaic  battery.  But  the  hydrogen,  thus  evolved, 
may  reasonably  be  ascribed  to  water,  from  which  it  is  extremely 
difficult  to  free  charcoal. f  The  absence  of  oxygen  from  charcoal 
was  proved,  by  heating  it  with  potassium,  for  no  potash  was  produc- 
ed ;  but  when  potassium  was  heated  with  diamond,  there  was  an  in- 
distinct appearance  of  the  production  of  that  alkali.  The  recent 
experiments  of  the  same  philosopher  \  tend  to  establish,  that  char- 

*  Annales  tie  Cbimie,  xxxi. 

•{■After  reflecting  on  the  great  diversity  in  the  amount  of  the  quantities  of  prin- 
ciples, found  by  the  analysis  of  different  experimenters  in  the  same  substance, 
some  of  which  have  been  adverted  to  ;  it  would  perhaps  not  be  quite  prudent, 
positively  to  deny  the  existence  of  hydrogen  as  essential  to  charcoal ;  especially, 
as  from  what  is  said  in  the  text,  the  reverse  is  not  absolutely  established  ;  for  it 
is  only  "  reasonably"  to  be  abscribed,  &c.  Proof  however  is  what  is  wanted,  not 
conjecture  ;  and  since  charcoal,  as  we  are  immediately  afterwards  told,  "  inva- 
riably contains  either  hydrogen  or  water" — unless  it  can  be  demonstrated  not  to  be 
essential,  the  opposite  opinion  must  be  regarded  as  superior  in  weight ;  and  the 
onus  probandi,  lies  with  those  who  deny  such  a  principle  in  it.  Neither,  until 
analysis  is  much  more  perfect,  can  we  with  perfect  confidence  venture  to  affirm 
that  the  "  Diamond  is  absolutely  free  both  from  water  and  hydrogen."  If  we 
cannot  come  to  an  absolute  conclusion,  with  respect  to  the  constitution  of  such 
a  substance  as  charcoal;  how  are  we  to  expect  the  analysis  of  the  Diamond,  the 
most  precious  body  we  are  acquainted  with,  and  which,  from  its  high  price  pre- 
cludes much  experimental  research,  can  be  so  easily  accomplished,  as  to  pre- 
clude all  necessity  of  future  investigation  ?     C. 

*  Phil.  Trans.  1814,  p.  557. 
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coal  invariably  contains  either  hydrogen  or  water;  for  when  it  is 
burned  in  pure  and  dry  oxygen  gas,  some  moisture  is  always  depo- 
sited. The  quantity,  however,  is  so  small,  that  hydrogen  cannot 
exist  in  charcoal  as  an  essential  ingredient,  or  in  any  definitive  pro- 
portion.* The  diamond  appears  to  be  absolutely  free  both  from 
water  and  hydrogen;  and  it  is  in  this  respect  only,  and  in  the  me- 
chanical arrangement  of  its  particles,  that  we  have  any  evidence  of 
its  differing  from  charcoal. 

To  obtain  charcoal  free  from  contamination,  pieces  of  dak,  wil- 
low, hazle,  or  other  woods,  deprived  of  the  bark,  may  be  buried  in 
sand  in  a  crucible,  which  is  to  be  exposed,  covered,  to  the  strongest 
heat  of  a  wind-furnace.  For  purposes  of  accuracy,  charcoal  must 
be  used  when  recently  prepared,  and  before  it  has  had  time  to  be- 
come cold ;  or  if  it  cannot  be  had  fresh  made,  it  must  be  heated 
aguin  to  redness  under  sand  in  a  crucible. 

A  remarkably  pure  charcoal  may  be  obtained,  by  passing  the 
vapour  of  oil  of  turpentine,  or  of  spirit  of  wine,  through  a  red-hot 
tube.  It  then  appears  in  the  form  of  a  black  impalpable  powder. 
In  the  experiments  of  Sir  H.  Davy,  this  sort  of  charcoal,  by  com- 
bustion in  oxygen  gas,  gave  a  much  smaller  product  of  moisture 
than  any  other. 

From  100  parts  of  each  of  the  following  woods,  Messrs.  Allen 
and  Pepys  obtained  the  annexed  quantities  of  charcoal ;  viz.  from 
fir,  18.17;  lignum  vitae,  17.25;  box,  20.25;  beech,  15  ;  oak,  17.40  ; 
mahogany,  15.75. 

Charcoal  has  the  following  properties  : 

1.  In  its  aggregated  state  it  is  black,  perfectly  insipid,  and  free 
from  smell;  insoluble  in  water,  brittle,  and  easily  pulverized.  In 
close  vessels,  and  entirely  secured  from  contact  with  air,  it  is  un- 
changed by  any  degree  of  heat.  A  gas,  however,  may  be  collect- 
ed from  it  by  distillation,  which  consists  of  hydrogen  and  carbon, 
and  perhaps  a  little  oxygen.  Berthollct  has  found,  also,  in  the 
aeriform  products  of  its  distillation,  a  considerable  proportion  of 
nitrogen. t 

2.  Charcoal  has  the  singular  property  of  absorbing  gases  without 
alteration.  Fill  a  jar  with  common  air,  or  any  other  gas,  and  place 
it  over  dry  mercury  :  take  a  piece  of  charcoal,  red  hot  from  the  fire, 
and  plunge  it  in  the  mercury  of  the  bath  :  when  cold,  let  it  be  pass- 
ed into  the  vessel  of  gas,  without  bringing  it  into  contact  with  the 
atmosphere.  A  considerable  diminution  of  the  gas  will  be  speedily 
effected. 

Count  Morozzo  has  given  the  following  table  of  the  quantities  of 
different  gases  absorbed,  in  the  foregoing  manner,  by  charcoal.  In 
each  experiment,  he  employed  a  piece  of  that  substance  1  inch  long 
and  |  of  an  inch  diameter.  The  receiver  containing  gas  was  12 
inches  long  and  1  inch  diameter. 

*  It  must  be  observed,  that  over  and  above  this  moisture,  thus  deposited,  a 
portion  will  be  retained  in  solution  by  the  carbonic  acid  gas  produced ; — the 
quantity  therefore  is  greater,  than  at  first  sight  appears.     C. 

f  Memoires  d'Arcueil,  ii.  484. 
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Gas  absorbed.  Inches 

Atmospheric 3j 

Carbonic  acid 11 

Ammonia 11 

Muriatic  acid 11 

Sulphuretted  hydrogen  .     .11 


Gas  absorbed.  Inches. 

Nitrous 2f 

Hydrogen 2TL. 

Oxygen 6* 

Sulphurous  acid  ....    5* 


This  power  in  charcoal  is  probably  mechanical,  and  depends 
only  on  the  porous  nature  of  vegetable  and  animal  charcoal ;  for  it 
does  not,  Sir  H.  Davy  asserts,  exist  in  plumbago,  coke,  or  stone- 
coal. 

3.  From  the  experiments  of  Rouppe,*  it  appears,  that  if  charcoal, 
which  has  imbibed  oxygen  gas,  be  brought  into  contact  with  hydro- 
gen gas,  water  is  generated. 

4.  Charcoal,  by  long  exposure  to  the  atmosphere,  absorbs  one 
twentieth  of  its  weight,  three  fourths  of  which  are  water,  f 

The  charcoal  of  different  woods,  Messrs.  Allen  and  Pepys  found 
to  increase  very  differently  in  weight;  that  from  fir  gaining,  by  a 
week's  exposure,  13  per  cent. ;  that  from  lignum  vitae,  in  the  same 
time,  9.6;  from  box,  14;  beech,  16.3;  oak,  16.5;  mahogany,  18. 
The  absorption  goes  on  most  rapidly  during  the  first  24  hours  ;  and 
by  much  the  largest  part  of  what  is  absorbed  consists  of  water 
merely. 

5.  Charcoal  resists  the  putrefaction  of  animal  substances.  A 
piece  of  flesh-meat,  which  has  begun  to  be  tainted,  may  have  its 
sweetness  restored  by  rubbing  it  daily  with  powdered  charcoal; 
and  may  be  preserved  sweet  for  some  time  by  burying  it  in  pow- 
dered charcoal,  which  is  to  be  renewed  daily.  Putrid  water  is  also 
restored  by  the  application  of  the  same  substance  ;  and  water  may 
be  kept  unchanged  at  sea,  by  charring  the  inner  surface  of  the  casks 
which  are  used  to  contain  it.|  It  produces,  also,  a  remarkable  ef- 
fect in  destroying  the  taste,  odour,  and  colour  of  many  vegetable 
and  animal  substances.§  Common  vinegar,  by  being  boiled  on  it, 
is  rendered  perfectly  limpid.  Rum  and  other  varieties  of  ardent 
spirit,  which  are  distinguished  by  peculiar  colours  and  flavours,  lose 
both  by  maceration  with  powdered  charcoal  ||  The  colour  of  lit- 
mus, indigo,  and  other  pigments,  dissolved  or  suspended  in  water, 
is  destroyed.  Putrid  animal  fluids,  also,  are  completely  deprived 
of  their  odour.  These  effects  are  most  readily  produced  by  animal 
charcoal.lf 


*  Annales  de  Chimie,  xxxii.  1 . 

f  Clement  and  Desormes . 

}  Lovitz,  Annales  de  Chimie,  xiv. 

§  79  Ann.  de  Chim.  80. 

||  Lovitz  asserts  that  the  vile  smell  of  bed  bugs,  is  destroyed,  by  triturating 
them  with  charcoal.    C. 

fl  Although  this  fact  was  known,  and  acted  on  many  years  past,  in  Europe, 
yet  patent  rights  have  been  granted  in  this  country,  for  distilling  spirits,  &c.  from 
charcoal.  See  "  New  Experiments  with  Charcoal,  by  Mr.  Lovitz — in  CreU's 
Chemical  Journal,  vol.  2.  London,  (translation)  1792;  and  from  which,  all  that 
is  known  in  America,  relating  to  the  use  of  charcoal,  is  undoubtedly  borrowed. 
Such  patents  could  not  stand  a  trial  in  our  courts  of  justice  ;  but  it  might  be  a 
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6.  Charcoal  is  a  very  slow  conductor  of  caloric.  The  experiments 
of  Guyton  have  determined,  that  caloric  is  conveyed  through  char- 
coal more  slowly  than  through  sand,  in  the  proportion  of  three  to 
two.  Hence  powdered  charcoal  may  be  advantageously  employed 
to  surround  substances  which  are  to  be  kept  cool  in  a  warm  atmo- 
sphere ;  and  also  to  confine  the  caloric  of  heated  bodies. 

7.  The  weight  of  the  atom  of  charcoal  is  inferred  by  Mr.Dalton 
to  be  5 .4,  that  of  oxygen  being  7.  But  if  the  weight  of  the  atom  of 
oxygen  be  corrected  to  7.5,  the  atom  of  charcoal  will  then  weigh 
5.8.  The  evidence  in  favour  of  this  conclusion  will  be  stated  in  the 
following  section. 


SECTION  II. 

Combustion  of  Carbon. 

If  a  small  piece  of  charcoal  be  exposed  red-hot  to  the  common 
atmospheric  air,  it  exhibits  scarcely  any  signs  of  combustion,  and 
soon  becomes  cold.  But  if  a  similar  piece,  heated  to  about  800°  or 
1000°  Fahrenheit,  or  nearly  to  redness,  be  introduced  into  a  receiver 
filled  with  oxygen  'gas,  it  continues  to  burn  with  greatly  increased 
splendour,  and  with  bright  scintillations.  If  the  charcoal  be  pure, 
and  its  proportion  rightly  adjusted,  it  is  entirely  consumed.  When 
the  quantity  burnt  is  considerable,  a  manifest  production  of  water 
takes  place,  and  the  inner  surface  of  the  glass  vessel  becomes  co- 
vered with  moisture,  which  disappears,  however,  on  standing.  This 
portion  of  water  owes  its  origin  to  the  union  of  oxygen  with  the  hy- 
drogen which,  it  appears  from  Sir  H.  Davy's  experiments,  and  from 
the  results  of  its  distillation,  all  charcoal  contains. 

The  diamond,  also,  which  was  formerly  considered  as  an  incom- 
bustible substance,  may  be  consumed  by  a  sufficiently  intense  heat, 
even  in  atmospherical  air.  The  Florentine  academicians,  in  the  year 
1694,  appear  first  to  have  ascertained  this  fact,  by  exposing  dia- 
monds to  the  focus  of  a  powerful  burning  lens.  Their  experiment 
has  been  repeated  by  subsequent  chemists,  with  various  modifica- 
tions. It  has  been  found  by  Sir  George  Mackenzie  that  diamonds' 
burn,  when  exposed  on  a  muffle,  to  the  temperature  of  about  14° 
Wedgwood.  In  oxygen  gas  the  diamond  takes  fire,  when  the  fo- 
rus  of  a  powerful  lens  is  thrown  upon  it ;  and  continues  to  burn, 
though  removed  out  of  the  focus,  with  a  steady  brilliant  light,  visi- 
ble in  the  strongest  sunshine.*  The  portion  of  diamond,  which  re- 
mains unconsumed,  is  not  rendered  black,  as  has  been  asserted,  but 
is  found  to  have  lost  its  lustre,  like  glass  acted  on  by  fluoric  acid. 
When  the  vessel  has  become  cold,  no  production  whatsoever  of 

question,  whether  a  person  thus  obtaining  one,  for  a  discovery  not  his  own,  might 
not  be  prosecuted  for  damages  by  anv  one  to  whom  he  had  disposed  of  his  (as- 
iiimed)  rights.    C. 

'  Davy's  Phil.  Trans.  1814. 
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moisture  is  visible.  By  effecting  its  combustion  in  this  way,  Guy- 
ton  thought  he  had  determined  that  the  diamond,  in  an  equal 
weight,  contains  more  real  carbon  than  common  charcoal.  His  ex- 
periments, however,  have  not  been  confirmed  by  those  of  subse- 
quent chemists.  One  fact,  however,  has  been  contributed  on  this 
subject  by  Guyton,  which  is  of  considerable  value.  The  diamond, 
he  first  ascertained,  is  destroyed  when  thrown  into  red-hot  and  melt- 
ed nitre  ;  and  this  property,  it  will  afterwards  appear,  has  been  suc- 
cessfully applied  by  Mr.  Tennant  to  the  determination  of  the  na- 
ture of  the  diamond,  and  of  the  proportion  of  ingredients  in  carbonic 
acid. 

To  collect  the  products  of  the  combustion  of  carbon,  requires 
rather  a  complicated  apparatus.  Lavoisier  burnt  charcoal  in  a 
known  quantity  of  oxygen  gas,  which  was  confined  by  mercury,  the 
charcoal  being  set  on  fire  by  a  bent  iron  wire  heated  to  redness.* 
Messrs.  Allen  and  Pepys  collected  the  products  of  the  combustion 
of  charcoal  and  of  the  diamond,  by  burning  them  separately  in  a  pla- 
tina  lube,  set  horizontally  in  a  charcoal  furnace,  and  connected,  at 
each  extremity,  with  a  mercurial  gazometer.  An  idea  of  this  ar- 
rangement will  best  be  obtained  by  imagining  that  to  each  end  of 
the  tube  c,  fig.  40,  the  pipe  b  of  a  gazometer,  like  that  shown,  fig. 
35,  is  connected.  At  the  outset  of  the  experiment,  one  of  the 
gazometers  was  filled  with  a  knuwn  quantity  of  the  purest  oxygen 
gas,  and  ihe  other  was  empty.  The  tube  was  then  made  red-hot ; 
and  the  gas,  being  forced  alternately  from  one  gazometer  to  the 
other,  was  repeatedly  brought  into  contact  with  the  red-hot  charcoal 
or  diamond.  The  volume  of  the  gas  was  found  to  be  entirely  un- 
altered ;  but  it  had  received  an  addition  to  its  weight,  precisely 
equal  to  what  the  charcoal  or  diamond,  on  weighing,  was  ascertain- 
ed to  have  lost ;  and  it  was  partly  converted  into  a  gas,  totally  differ- 
ent in  its  properties  from  oxygen  gas,  and  called  carbonic  acid. 
It  appears,  therefore,  that  oxygen  gas,  by  conversion  into  carbonic 
acid,  undergoes  neither  expansion  nor  condensation.  This  conclu- 
sion is  farther  established  by  the  recent  experiments  of  Sir  H.  Davy, 
on  the  combustion  of  the  diamond  in  oxygen  gas. 


SECTION  III. 

Carbonic  Acid. 

From  the  quantity  of  charcoal  or  diamond  consumed  in  the  ex- 
periments of  Allen  and  Pepys,  and  the  quantity  of  oxygen  convert- 
ed into  carbonic  acid,  it  is  easy  to  infer  the  proportion  of  carbon  and 
oxygen  in  the  new  compound.  Reducing  these  to  centesimal  pro- 
portion, for  every  28  or  29  grains  of  the  combustible  base  which  dis- 
appeared, 100  grains  of  carbonic  acid  (~  about  201  cubic  inches) 
were  generated ;  and  it  is  remarkable  that  these  proportions  agree 

•  Elements  of  Chemistry,  pi.  iv.  fig.  3. 
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exactly  with  those  originally  stated  by  Lavoisier.  The  same  quan- 
tity of  carbonic  acid  resulted,  also,  from  the  combustion  of  between 
28  and  29  grains  of  diamond.  Hence  it  may  be  inferred,  that  the 
actual  quantity  of  carbon  in  equal  weights  of  diamond  and  charcoal 
is  precisely  the  same  ;  and  that  charcoal  is  not,  as  has  hitherto  been 
supposed,  an  oxide  of  carbon.  If  this  inference  required  confirma- 
tion, it  is  furnished  by  its  agreement  with  Mr.  Tennant's  experi- 
ments on  the  combustion  of  the  diamond,  published  in  1797.  Two 
grains  and  a  half  of  diamond,  (this  philosopher  found),  when  con- 
sumed in  a  tube  of  gold  by  means  of  nitre,  gave  nine  grains  of  car- 
bonic acid,  which  in  100  parts  should  contain,  therefore,  as  nearly 
as  possible,  28  parts  of  diamond  or  carbon.  The  mean  of  a  number 
of  Messrs.  Pepysand  Allen's  experiments  give  the  following  state- 
ment of  the  composition  of  carbonic  acid  : 

Carbon 28.60 100. 

Oxygen     71.40 250. 

100. 
It  is  remarkable,  also,  that  these   numbers  are  precisely  those 
which  result  from  the  experiments  of  Clement  and  Desormes.* 

They  differ,  however,  a  little  from  those  of  Saussure,  jun.,  who 
states  the  carbon  in  100  grains  of  carbonic  acid  at  between  27.04 
and  27.58  grains.  The  results  of  Gay  Lussac,  which  are  confor- 
mable with  the  views  of  Berzelius,  and,  as  nearly  as  possible,  with 
those  of  Dr.  Wollaston,  are, 

Carbon     ,     .     .     27.376     .     .     .     100.         .     .     .     37.55 
Oxygen   .     .     .     72.624     .     .     .     265.12     .     .     .  100. 


100.  365.12  137.55 

Mr.  Dalton  assumes  the  composition  of  carbonic  acid  to  be,  in 
yound  numbers,  28  of  charcoal  and  72  of  oxygen  ;  from  whence  he 
deduces  the  weight  of  the  atom  of  charcoal  to  be  5.4.  But  if  the 
atom  of  oxygen  weigh  7.5,  and  if  the  proportions  of  Gay  Lussac 
be  correct,  the  atom  of  charcoal  will  weigh  5.65,  and  that  of  car- 
bonic acid  (considering  it  as  a  ternary  compound  of  two  atoms  of 
oxygen  and  one  of  charcoal)  will  be  20.65. 

In  addition  to  the  proofs  of  the  constitution  of  carbonic  acid, 
derived  from  its  synthesis,  we  have  also  the  evidence  of  its  ana- 
lysis, which  may  be  effected  by  several  processes. 

1.  By  passing  a  succession  of  electrical  discharges  through  a 
quantity  of  carbonic  acid  gas  confined  over  mercury,  I  have  found 
that  the  gas  is  separated  into  oxygen,  and  a  gas  called  carbonous 
oxide,  which  consists  of  oxygen  united  with  a  larger  proportion  of 
carbon,  than  exists  in  carbonic  acid.  When  the  carbonic  acid, 
which  escapes  decomposition,  is  washed  out  by  a  solution  of  pot- 
ash, an  electric  spark  inflames  the  residuary  mixture  ;  the  oxygen 
and  carbonous  oxide  again  uniting,  and  re-composing  carbon!.; 
acicl.f 

•  Annates  de  Clnmie,  xxxix.  42. 
'  Philosophical  Transactions,  1809,  page  448. 
c  c 
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2.  When  a  mixture  of  carbonic  acid  and  hydrogen  gases  is  elec- 
trified, the  hydrogen  combines  with  part  of  the  oxygen  in  the  acid, 
and  reduces  it  to  the  state  of  carbonous  oxide. 

3.  When  potassium  is  heated  in  carbonic  acid  gas,  Sir  H.  Davy 
has  found  that  it  inflames ;  pari  of  it  is  oxidated  at  the  expence  of 
the  acid;  and  part  of  it  unites  with  the  charcoal  which  is  precipitated. 

4.  By  simply  heating  phosphorus  in  carbonic  acid  gas,  no  step  is 
made  towards  the  decomposition  of  the  latter.  But  by  applying 
phosphorus  to  some  of  the  combinations  of  carbonic  acid,  the 
phosphorus  is  oxygenated,  and  carbon  appears  in  a  separate  form. 
The  original  discovery  of  this  fact  is  due  to  Mr.  Tennant,*  and 
the  details  of  the  experiment  have  been  ably  followed  up  by  Dr. 
Pearson. t 

To  exhibit  this  fact,  provide  a  tube  of  very  thin  glass  about  one 
third  of  an  inch  wide,  and  18  or  20  inches  long, sealed  atone  end, 
Cout  it,  within  about  an  inch  of  the  sealed  extremity,  with  a  lute 
of  sand  and  clay  ;  and  when  this  is  dry,  put  into  it  as  much  puri- 
fied phosphorus,  in  small  pieces,  as  will  fill  the  uncoated  part. 
Then  cover  the  phosphorus  with  carbonate  of  lime,  or  carbonate 
of  soda  which  has  been  deprived  of  its  water  of  crystallization. 
Let  the  part  of  the  tube,  which  contains  the  carbonate,  be  made 
red-hot  by.  means  of  a  portable  furnace;  and  at  this  moment,  apply 
heat  to  the  part  containing  the  phosphorus,  sufficient  to  melt  and 
raise  it  into  vapour.  The  vapour  of  the  phosphorus,  coming  into 
contact  with  the  red-hot  carbonate,  will  decompose  the  carbonic 
acid  ;  and  charcoal  will  be  found  in  the  residue  of  the  process,  in 
the  form  of  a  very  light  and  black  powder. 

To  procure  carbonic  acid,  sufficiently  pure  for  the  exhibition  of 
its  properties,  the  combustion  of  charcoal  is  far  from  being  the 
best  process.  The  student  may,  therefore,  have  recourse  to  ano- 
ther, the  rationale  of  which  he  will  not,  at  present,  understand; 
but  which  will  be  explained  afterwards.  Into  a  common  gas  bot- 
tle, put  a  little  powdered  marble  or  chalk,  and  pour  on  this  sul- 
phuric acid,  diluted  with  five  or  six  times  its  weight  of  water.  A 
gas  will  be  produced,  which  those,  who  have  an  opportunity,  may 
receive  over  mercury  ;  but  a  mercurial  apparatus  is  not  absolute- 
ly essential,  since  the  gas  may  be  collected  over  water,  if  used  im- 
mediately when  procured.  Carbonic  acid  may,  also,  be  separated 
by  heat  alone,  from  carbonate  of  lime.  For  this  purpose,  coarsely- 
powdered  chalk  or  marble  may  be  put  into  the  iron  vessel  a,  fig- 
85,  which  may  be  connected,  by  means  of  the  conducting  pipe  6, 
with  a  gazometer.  The  receiving  cylinder  of  the  latter,  after  a 
sufficiently  long  continuance  of  heat  to  the  bottle  c,  will  be  filled 
with  carbonic  acid  gas.     Its  properties  are  the  following : 

Properties  of  Carbonic  Acid. 

(a)  It  extinguishes  flame. — Set  a  vessel,  filled  with  the  gas,  with 

*  Philosophical  Transactions,  1791,  page  18?.  j  ibid,  1792,  page  289- 
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its  mouth  upwards,  and  let  down  a  lighted  candle.    The  candle 
will  instantly  be  extinguished. 

A  person,  says  Dr.  Priestley,  who  is  quite  a  stranger  to  the  pro- 
perties of  tnis  kind  of  gas,  wih  be  agreeably  amused  with  extin- 
guishing lighted  candles,  or  blazing  chips  of  wood,  on  its  surface. 
For  the  smoke  readily  unites  with  this  kind  of  air;  so  that  little 
or  none  of  it  escapes  into  the  atmosphere.  It  is  remarkable,  that 
the  upper  surface  of  this  smoke,  floating  in  the  fixed  air,  is  smooth 
and  well  defined;  whereas  the  lower  surface  is  exceedingly  rag- 
ged, several  parts  hanging  down  to  a  considerable  distance  within 
the  body  of  the  carbonic  acid,  and  sometimes  in  the  form  of  balls, 
connected  to  the  upper  stratum  by  slender  threads,  as  if  they  were 
suspended.  The  smoke  is  also  apt  to  form  itself  into  broad  flukes, 
exactly  like  clouds.  Making  an  agitation  in  this  air,  the  surface  of 
it  (which  still  continues  exactly  defined)  is  thrown  into  the  form  of 
waves;  and  if,  by  this  agitation,  any  of  the  carbonic  acid  be  thrown, 
over  the  sides  of  the  vessel,  the  smoke,  which  is  mixed  with  it, 
will  fall  to  the  ground,  as  if  it  were  so  much  water. 

(6)  It  is  fatal  to  animals. — Put  a  mouse,  or  other  small  animal, 
into  a  vessel  of  the  gas,  and  cover  the  vessel,  to  prevent  the  con- 
tact of  common  air.  The  animal  Avill  die  in  the  course  of  a  minute 
or  two. 

By  means  of  this  gas,  butterflies,  and  other  insects,  the  colours 
of  which  it  is  desirable  to  preserve,  for  the  purpose  of  cabinet 
specimens,  may  be  suffocated  better  than  by  the  common  mode  of 
killing  them  with  the  fumes  of  sulphur. 

(c)  This  gas  is  heavier  than  common  air. — According  to  Sir  H. 
Davy,  100  cubic  inches,  at  55°  Fahrenheit,  and  30  inches  of  the 
barometer,  weigh  47.5  grains  ;  and  at  60°,  with  the  same  pressure, 
would  weigh  47.11.  Messrs.  Allen  and  Pepys  have  lately  deter- 
mined that  100  cubic  inches,  at  60°  Fahrenheit,  and  30  inches  ba- 
rometer, weigh  47.26  grains.  Its  specific  gravity,  according  to 
Biot  and  Arago,  is  1.5196;  and  hence,  if  100  cubic  inches  of  at- 
mospheric air  weigh  30  5  grains,  the  same  bulk  of  carbonic  acid 
gas  should  weigh  46  34  grains.  It  will  be  a  sufficiently  near  ap- 
proximation to  state  the  weight  of  100  cubical  inches  to  be  47 
grains,  at  a  mean  of  the  barometer  and  thermometer. 

To  show  the  superior  specific  gravity  of  this  gas  in  a  general 
way,  the  following  experiment  will  be  sufficient.  Let  a  long  glass 
tube,  proceeding  from  a  gas  bottle,  containing  powdered  marble 
and  dilute  sulphuric  acid,  be  twice  bent  at  right  angles  ;  let  the 
open  end  of  the  longer  leg  reach  the  bottom  of  a  glass  jar,  per- 
fectly dry  within,  and  standing  with  its  mouth  uppermost.  The 
carbonic  acid  will  expel  the  common  air  from  the  jar,  because  it 
is  heavier — This  superior  gravity  may  be  farther  shown  as  fol- 
lows: When  the  jar  is  perfectly  filled  with  the  gas  (which  may  be 
known  by  a  lighted  candle  being  instantly  extinguished  when  let 
down  into  it),  take  another  jar,  of  rather  smaller  size,  and  place  at 
the  bottom  of  it  a  lighted  taper,  supported  by  a  stand  :  then  pour 
the  contents  of  the  first-mentioned  jar  into  the  second,  as  if  you 
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were  pouring  in  water.     The  candle  will  be  instantly  extinguish- 
ed, as  effectually  as  it'  it  had  been  immersed  in  water. 

It  is  owing  to  its  superior  gravity,  that  carbonic  acid  gas  is  often 
found  at  the  bottom  ot  deep  wells  and  of  mines,  the  upper  part  of 
which  is  entirely  free  frcvm  it.  Hence  the  precaution,  used  by  the 
sinkers  of  wells,  of  letting  down  a  candle  before  they  venture  to 
descend  in  person. 

(rf)  Carbonic  acid  gas  is  absorbed  by  water. — Fill  partly  a  jar  with 
this  gas,  and  let  it  stand  a  few  hours  over  water.  An  absorption 
will  gradually  go  on,  till  at  last  none  will  remain.  This  absorption 
is  infinitely  quicker  when  agitation  is  used.  Repeat  the  above  ex- 
periment, with  this  difference,  that  the  jar  must  be  shaken  strong- 
ly. A  very  rapid  diminution  will  now  take  place.  In  this  manner 
water  may  be  charged  with  rather  more  than  its  own  bulk  of  car- 
bonic acid  gas ;  and  it  acquires,  when  thus  saturated,  a  very  brisk 
and  pleasant  taste.  This  impregnation  is  most  commodiously  ef- 
fected by  an  apparatus,  sold  in  the  glass  shops,  under  the  name  of 
Nooth's  machine. 

The  influence  of  pressure,  in  occasioning  water  to  absorb  a 
Jarger  quantity  of  carbonic  acid,  may  be  illustrated  by  an  appara- 
tus, which  I  have  described  in  the  Philosophical  Transactions  for 
1803,  but  which  cannot  be  understood  without  the  engraving  that 
accompanies  it.  From  a  long  series  of  experiments  with  this  ap- 
paratus, I  have  deduced,  as  a  general  law,  that  water  takes  up  the 
same  volume  of  compressed  carbonic  acid  gas,  as  of  gas  under  or- 
dinary pressure.  And  since  the  space  occupied  by  any  gas,  is  in- 
versely as  the  compressing  force,  it  follows  that  the  quantity  of 
gas,  forced  into  water,  is  directly  as  the  pressure.  Thus,  if  water 
under  common  circumstances,  takes  up  an  equal  bulk  of  carbonic 
acid,  under  the  pressure  of  two  atmospheres,  it  will  absorb  twice 
its  bulk  ;  under  three  atmospheres  three  times  its  bulk,  and  so  on. 

(f)  From  water,  thus  impregnated,  carbonic  acid  is  again  set  at  li- 
berty, on  boiling  the  water,  or  by  exposing  it  under  the  receiver  of  an 
air-pump. — During  exhaustion,  the  gas  will  escape  so  rapidly,  as  to 
present  the  appearance  of  ebullition ;  and  will  be  much  more  re- 
markable than  the  discharge  of  air  from  a  jar  full  of  common 
spring  water,  confined,  at  the  same  time,  under  the  receiver,  as  a 
standard  of  comparison. 

(/)  Carbonic  acid  is  expelled  from  water  by  freezing.— -If  the  im- 
pregnated water  be  rapidly  congealed,  by  surrounding  it  with  a 
mixture  of  snow  and  salt,  the  frozen  water  has  more  the  appear- 
ance of  snow  than  of  ice,  its  bulk  being  prodigiously  increased  by 
the  immense  number  of  air  bubbles.  When  water,  thus  congeal- 
ed, is  liquefied  again,  It  is  found,  by  its  taste,  and  other  properties, 
to  have  lost  nearly  the  whole  of  its  carbonic  acid. 

(g)  Carbonic  acid  gas,  when  combined  with  water,  reddens  vegeta- 
ble blue  colours. — This  may  be  shown  by  dipping  into  water,  thus 
impregnated,  a  bit  of  litmus  paper,  or  by  mixing,  with  a  portion  of 
it,  about  an  equal  bulk  of  the  infusion  of  litmus.  This  fact  esta- 
blishes the  title  of  the  gas  to  be  ranked  among  acids.  When  an 
infusion  of  litmus,  which  has  been  thus  reddened,  is  either  heated, 
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or  exposed  to  the  air,  its  blue  colour  is  restored,  in  consequence  of 
the  escape  of  the  carbonic  acid.  This  is  a  marked  ground  of  dis- 
tinction from  most  other  acids,  the  effect  of  which  is  permanent, 
even  after  boiling. 

(A)  Carbonic  acid  gas  precipitates  lime  water. — This  character  of 
the  gas  is  necessary  to  be  known,  because  it  affords  a  ready  test  o.i 
the  presence  of  carbonic  acid  whenever  it  is  suspected.  Pass  the 
gas,  as  it  proceeds  from  the  materials,  through  a  portion  of  lime 
water.  This,  though  perfectly  transparent  before,  will  instantly 
grow  milky  : — Or,  mix  equal  measures  of  water  saturated  with 
carbonic  acid  and  linje  water.  The  same  precipitation  will  ensue. 
By  means  of  lime  water,  the  whole  of  any  quantity  of  carbonic 
acid,  existing  in  a  mixture  of  gases,  cannot,  however,  be  removed, 
as  Saussure,  jun.  has  shown  ;  but  recourse  must  be  had,  in  order 
to  effect  its  entire  absorption,  to  a  solution  of  caustic  potash  or 
soda. 

f?  (i)  By  the  application  of  the  test,  (A),  it  will  be  found,  that  carbo- 
nic acid  is  generated  in  several  cases  of  combustion. — 1.  Let  the 
chimney  of  a  small  portable  furnace,  in  which  charcoal  is  burning, 
terminate,  at  a  distance  sufficiently  remote  to  allow  of  its  being- 
kept  cool,  in  the  bottom  of  a  barrel  provided  with  a  moveable  top, 
or  of  a  large  glass  vessel  having  two  openings.  A  small  jar  of 
lime  water  being  let  down  into  the  tub  or  vessel,  and  agitated,  the 
lime  water  will  immediately  become  milky.  The  gas  will  also  ex- 
tinguish burning  bodies,  and  prove  fatal  to  animals  that  are  confined 
in  it.  Hence  the  danger  of  exposure  to  the  fumes  of  charcoal, 
which,  in  several  instances,  have  been  known  to  be  fatal.  These 
fumes  consist  of  a  mixture  of  carbonic  acid  and  nitrogen  gases 
with  a  very  small  proportion  of  oxygen  gas.  2.  Fill  the  pneumato- 
chemical  trough  with  lime  water,  and  burn  a  candle,  in  a  jar  filled 
with  atmospheric  air,  over  the  lime  water  till  the  flame  is  extin- 
guished. On  agitating  the  jar,  the  lime  water  will  become  milky. 
The  same  appearances  will'  take  place,  more  speedily  and  remark- 
ably, if  oxygen  gas  be  substituted  for  common  air.  The  carbonic 
acid,  thus  formed  during  combustion,  by  its  admixture  with  the  re- 
siduary air,  renders  it  more  unfit  for  supporting  flame,  than  it  other- 
wise v/ould  be  from  the  mere  loss  of  oxygen.  Hence,  if  a  candle 
be  burnt  in  oxygen  gas,  it  is  extinguished  long  before  the  oxygen 
is  totally  absorbed,  because  the  admixture  of  carbonic  acid  with 
oxygen  gas,  in  considerable  proportion,  unfits  it  for  supporting 
combustion.  Whenever  any  substance,  by  combustion  in  oxygen 
gas  or  common  air  over  lime  water,  gives  a  precipitate,  soluble 
with  effervescence  in  muriatic  acid,  we  may  confidently  inter  that 
it  contains  carbon. 

(k)  The  respiration  of  animals  is  another  source  of  carbonic  acid. — . 
On  confining  an  animal,  in  a  given  portion  of  atmospheric  air,  over 
lime  water,  this  production  of  carbonic  acid  is  evinced  by  a  preci- 
pitation. The  same  effect  is  also  produced  more  remarkably  in 
oxygen  gas.  The  production  of  carbonic  acid,  by  respiration,  may 
be  proved,  also,  by  blowing  the  air  from  the  lungs,  with  the  aid  of 
a  quill,  through  lime  water,  which  will  immediately  grow  milky. 
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The  carbonic  acid,  thus  added  to  the  air,  unfits  it  for  supporting 
life,  not  merely  by  diminishing  the  proportion  of  oxygen  gas,  but 
apparently  by  exerting  a  positively  noxious  effect.  Hence  a  given 
quantity  of  air  will  support  an  animal  much  longer,  when  the  car- 
bonic acid  is  removed  as  fast  as  it  is  formed,  than  when  suffered  to 
remain  in  a  state  of  mixture.  It  has  been  found,  that  an  atmo- 
sphere, consisting  of  oxygen  gas  and  carbonic  acid,  is  fatal  to  ani- 
mals, though  it  should  contain  a  larger  proportion  of  oxygen  than 
the  air  we  commonly  breathe. 

(Z)  Carbonic  acid  retards  the  putrefaction  of  animal  substances.—. 
This  may  be  proved,  by  suspending  two  equal  pieces  of  fltsh  meat, 
the  one  in  common  air,  the  other  in  carbonic  acid  gas,  or  in  a  small 
vessel  through  which  a  stream  of  carbonic  acid  is  constantly  pass- 
ing. The  latter  will  be  preserved  untainted  some  time  after  the 
other  has  begun  to  putrefy. 

(in)  Carbonic  acid  gas  exerts  powerful  effects  on  living  vegeta- 
bles— These  effects,  however,  vary  according  to  tjie  mode  of  its 
application. 

Water,  saturated  with  this  gas,  proves  highly  nutritive,  when  ap- 
plied to  the  roots  of  plants.  The  carbonic  acid  is  decomposed,  its 
carbon  forming  a  component  part  of  the  vegetable,  and  its  oxygen 
being  liberated  in  a  gaseous  form. 

On  the  contrary,  carbonic  acid,  applied  as  an  atmosphere,  by 
confining  a  living  vegetable  in  the  undiluted  gas  over  water,  is  in- 
jurious to  the  health  of  the  plant,  especially  in  the  shade.  M. 
Saussure,  jun.  found,  that  a  proportion  of  carbonic  acid  in  common 
air,  greater  than  one  eighth,  is  always  injurious  to  vegetation; 
but  that  in  this  proportion  it  promotes  the  growth  of  plants,  and  is 
manifestly  decomposed. 

Carbonic  acid  is  susceptible  of  combination  with  alkalis,  earths, 
and  metals,  and  forms  an  order  of  compounds,  termed  carbonates. 
At  present,  however,  we  shall  only  attend  to  the  results  of  its  union 
with  alkalis,  and  earths.  In  the  compounds  of  carbonic  acid  with 
these  bases,  and  especially  with  the  alkalis,  the  qualities  of  the 
base  still  predominate.  The  alkaline  carbonates,  for  example,  re- 
tain the  taste,  though  in  a  less  degree,  which  characterizes  their 
bases ;  and  change  blue  vegetable  colours  to  green.  Ammonia, 
also,  preserves  in  a  great  measure  its  odour  and  volatility.  By 
combination  with  the  earths,  however,  carbonic  acid  produces  a 
more  perfect  neutralization  of  their  properties. 
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SECTION  IV. 

Carbonate^. 
Art.  1. — Sub -carbonate,  and  Carbonate  of  Potash. 

(a)  Carbonic  acid  gas  is  very  abundantly  absorbed  by  a  solution  of 
pure  fwtash. — The  simplest  mode  of  showing  this  fact  is  the  fol- 
lowing :  Fill  a  common  phial  with  carbonic  acid  gas  over  water; 
and,  when  full,  stop  it  by  applying  the  thumb.  Then  invert  the 
bottle  in  a  solution  of  pure  potash,  contained  in  a  cup,  and  rather 
exceeding  in  quantity  what  is  sufficient  to  fill  the  bottle.  The  solu- 
tion will  rise  into  the  bottle,  and,  if  the  gas  be  pure,  will  fill  it  entire- 
ly. Pour  out  the  alkaline  liquor,  fill  the  bottle  with  water,  and  again 
displace  it  by  the  gas.  Proceed  as  before,  and  repeat  the  process 
several  times.  It,  will  be  found,  that  the  solution  will  condense 
many  times  its  bulk  of  the  gas ;  whereas  water  combines  only  with 
its  own  volume. 

This  experiment  may  be  made,  in  a  much  more  striking  manner, 
over  mercury,  by  passing  into  a  jar,  about  three  fourths  filled  with 
this  gas,  a  comparatively  small  bulk  of  a  solution  of  pure  potash, 
which  will  condense  the  whole  of  the  gas.  If  dry  potash  be  substi-  " 
tuted  in  this  experiment,  no  change  will  ensue;  which  proves,  that 
solution  is  essential  to  the  action  of  alkalis  on  this  gas. 

One  hundred  grains  of  potash  unite  with  42.42  carbonic  acid  to 
form  the  sub-carbonate,  which,  therefore,  contains  per  cent,  accord- 
ing to  Berard, 

Potash    ....     70.21 
Acid       ....     29.79 


100. 


The  composition  of  this  salt  is  differently  stated  by  other  wa- 
fers, viz. 

Acid.  Base. 

According  to  Dalton  100  grains  consist  of    51.10  68.9 

Dulong 30.70  69.30 

Dr.  Wollaston 31.71  68.29 

The  proportions  of  70  to  30  agree  very  nearly  with  the  notion, 
that  the  sub-carbonate  of  potash  is  constituted  of  an  atom  of  carbo- 
nic acid,  weighing  20.8,  and  an  atom  of  potash  weighing  SO;  and 
that  the  weight  of  its  atom  is  70.8.  The  affinity  of  carbonic  acid 
for  potash,  though  apparently  feeble,  is  in  reality  very  strong ; 
since  it  has  the  power  of  expelling,  from  potash,  the  whole  of  the 
water,  which  that  alkali  contains  in  the  state  of  a  hydrate. 

(b)  The  changes  effected  in  the  alkali  may  next  be  examined. — It 
will  be  found,  after  having  absorbed  as  much  carbonic  acid  as  it  is 
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capable  of  condensing,  to  have  lost  much  of  its  corrosive  and  pene- 
trating taste,  and  will  no  longer  destroy  the  texture  of  woollen 
cloth  ;  but  it  still  turns  to  green  the  blue  infusion  of  vegetables. 
Before  its  absorption  of  this  gas,  no  remarkable  change  ensued  on 
mixing  it  with  diluted  sulphuric  acid  ;  but  if  this,  or  almost  any 
other  acid,  be  now  added,  a  violent  effervescence  will  ensue,  aris- 
ing from  the  escape  of  the  gas  that  had  been  previously  absorbed. 
If  the  mixture  be  made  in  a  gas  bottle,  the  gas,  that  is  evolved, 
may  be  collected,  and  will  be  found  to  exhibit  every  character  of 
carbonic  acid. 

Fo  experimental  purposes,  sub-carbonate  of  potash  may  be  ob- 
tained  from  crystals  of  tartar  (super-tartrate  of  potash)  calcined  in 
a  crucible;  then  lixiviated  with  water;  and  evaporated  to  dryness. 
By  tins  treatment,  the  salt  yields  about  one  third  its  weight  of  sub- 
Carbonate.  Or  it  may  be  mixed  with  about  an  eighth  of  purified 
nitrate  of  potash,  and  wrapped  up  in  paper  in  the  form  of  cones, 
vhich  may  be  placed  on  an  iron  dish,  and  set  on  fire.  The  resi- 
duary mass  is  to  be  lixiviated,  and  evaporated  as  before  directed. 
Or  purified  nitrate  of  potash  may  be  mixed  with  a  fourth  of  its 
weight  of  powdered  charcoal,  and  projected  into  a  red-hot  cruci- 
ble, the  contents  of  which  are  to  be  poured,  when  in  fusion,  into  an 
iron  dish.  The  sub-carbonate,  thus  obtained,  amounts  to  rather 
less  than  one-half  the  nitre  which  has  been  employed.  Even  when 
thus  prepared,  it  is  apt  to  contain  some  impurities,  consisting  chief- 
ly of  a  minute  proportion  of  sulphate  and  muriate  of  potash,  with  a 
little  silex,  from  which  it  is  extremely  difficult  entirely  to  free  it. 
That  which  is  procured  from  burnt  tartar  may  be  made  to  crystal- 
lize, in  which  state  it  contains  20.60  per  cent,  of  water. 

(c)  In  this  state  of  sub-saturation  with  carbonic  acid,  potash  ge- 
nerally occurs  in  the  arts.  The  potash  and  pearl-ash  of  commerce, 
are  nub-carbonates  of  potash,  of  different  degrees  of  purity.  The 
quantity  of  carbonic  acid,  contained  in  these  alkalis,  may  be  learned 
by  a  very  simple  experiment.  Put  one  or  two  hundred  grains  of 
the  alkali  into  a  Florence  flask,  and  add  a  few  ounce  measures  of 
water.  Take  also  a  phial  filled  with  dilute  sulphuric  acid,  and 
place  this,  as  well  as  the  flask,  in  one  scale.  Balance  the  two,  by 
putting  weights  into  the  opposite  scale,  and  when  the  equilibrium 
is  attained,  pour  gradually  the  acid  into  the  flask  of  alkali,  till  an 
effervescence  no  longer  ensues.  When  this  has  ceased,  the  scale 
containing  the  weights  will  be  found  to  preponderate.  This  shows 
that  the  alkali,  by  combination  with  an  acid,  loses  considerably  of 
its  weight ;  and  the  exact  amount  of  the  loss  may  be  ascertained, 
by  adding  weights  to  the  scale  containing  the  flask  and  phial,  till  the 
balance  is  restored. 

(rf)  As  it  is  sometimes  of  importance  to  know  what  proportion  01 
real  alkali  a  given  weight  of  potash  or  pearl-ash  contains,  it  may  be 
proper  to  point  out  how  this  information  may  be  acquired.  I  shall, 
therefore,  in  Part  III.  Chap.  III.  of  this  work,  describe  at  length 
the  apparatus  and  process  employed  for  the  purpose  by  M.  Descroi- 
zilles.  Another  less  accurate  mode  of  determining  the  strength  is 
founded  on  the  following  property  of  carbonate  of  potash. 
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(e)  Sub-carbonate  offiota?,k  dissolves  very  readily  in  water,  which, 
at  the  ordinary  temperature,  takes  up.  more  than  its  own  weight.— 
Hence,  when  an  alkali,  which  should  consist  alir.ost  entirely  of  sub- 
carbonate  of  potash,  is  adulterated,  as  very  often  happens,  with  sub- 
stances of  little  solubility,  the  fraud  may  be  detected  by  trying  how- 
much  of  one  ounce  will  dissolve  in  two  or  three  ounce-rmeasures  of 
water.  In  this  way  I  have  detected  an  adulteration  of  one  third 
its  weight  of  sulphate  of  potash.  There  are  certain  substances 
of  ready  solubility,  hi  'J>>  ,  which  may  be  used  in  adulterat- 
ing pearl-ashes,  as  com  moil  salt  for  example  ;  and  when  this  is 
done,  we  must  have  recourse  to  the  acid  teat  for  the  means  of 
discovery. 

The  strongest  solution  of  this  salt  that  can  be  obtained  has  the 
specific  gravity  1.54,  and  contains  48.8  percent,  by  weight,  oreight 
atoms  of  water  to  one  of  salt. 

(/)  Sub-carbonate  of  potash,  when  exposed  to  the  atmosphere, 
attracts  so  much  moisture,  as  to  pass  rapidly  to  a  liquid  state.*  This 
change  is  termed  deliquescence.  All  the  water  thus  absorbed  is 
expelled  again  by  a  heat  of  280°. 

(g)  When  submitted,  in  a  crucible,  to  a  high  temperature,  it 
fuses;  butnone  of  its  carbonic  acid  is  expelled. 

JBi  carbonate  of  Potash. 

Carbonate  of  potash,  in  the  state  which  has  been  already  describ- 
ed,is  far  from  being  completely  saturated  with  acid.  This  sufficiently 
appears  from  its  srongly  alkaline  taste.  It  may  be  much  more  highly 
charged  with  carbonic  acid,  by  exposing  a  solution  of  one  part  of 
the  sub -carbonate  in  three  of  water  to  streams  of  carbonic  acid  gas, 
in  a  Nooth's  machine,  or  other  apparatus ;  or  by  the  process  to  be  de- 
scribed in  art.  3,  g.  When  a  solution  of  alkali,  after  this  treatment, 
is  very  slowly  evaporated,  it  forms  regular  crystals.  According  to 
Dr.  Wollaston,f  the  quantity  of  acid  in  the  bi-carbonate  is  exactly 
double  that  in  the  sub-carbonate.  This  he  proves  by  disengaging 
the  carbonic  acid,  from  each,  by  a'  stronger  acid,  such  as  the  sul- 
phuric. One  part  of  the  bi-carbonate,  thus  treated,  is  found  to  give 
twice  as  much  carbonic  acid  as  the  sub-salt.  Berthollet|  obtained 
189  grains  of  carbonic  acid  from  500  of  this  salt ;  and  as  nearly  as 
possible,  the  same  quantity  from  1000  grains  of  the  salt,  reduced  by 
calcination  to  sub-carbonate.  Berard  found,  that  100  parts  of  pot- 
ash are  fully  saturated  by  85.86  carbonic  acid.§  The  following  Table 
exhibits  the  composition  of  the  bi-carbonate,  as  stated  by  him,  and 
by  Dr.  Wollaston.     One  hundred  grains  contain, 

Acid.         Base.         Water. 

According  to  Berard 42.01    I   48.92    |    9.07 

Dr.  Wollaston 43.9      |   47.1       |    9.0 

*  This  solution  was  formerly  nailed  "  Oleum  Tartari  per  deliquium."  C. 
|  Philosophical  Transactions,  1808. 

Mem.  d'Arcueil,  ii.  470. 
§  71  Ann.  de  Chim.  42. 
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The  atomic  constitution,  deducible  from  these  proportions,  is 
one  atom  of  potash,  two  atoms  of  carbonic  acid,  and  one  atom  of 
water. 

The  bi  carbonate  of  potash  differs  from  the  sub-carbonate  in 
the  following  particulars. 

1.  In  the  greater  mildness  of  its  taste.  Though  still  alkaline, 
yet  it  may  be  applied  to  the  tongue,  or  taken  into  the  stomach, 
without  exciting  any  of  that  burning  sensation,  which  is  occasion- 
ed by  the  sub-carbonate. 

2.  It  is  unchanged  by  exposure  to  the  atmosphere. 

S.  It  assumes  the  shape  of  regular  crystals.  The  form  of  these 
crystals  is  a  lour-sided  prism,  with  dihedral  triangular  summits, 
the  facets  of  which  correspond  with  the  solid  angles  of  the  prism. 

4.  It  requires,  for  solution,  four  times  its  weight  of  water  at  60°; 
and,  while  dissolving,  absorbs  caloric.  Boiling  water  dissolves 
five-sixths  of  its  weight  ;  but,  during  this  solution,  the  salt  is  part- 
ly decomposed,  as  is  manifested  by  the  escape  of  carbonic  acid  gas. 
The  quantity  thus  separated  amounts,  according  to  Berthollet,  to 
about  T^th  the  weight  of  the  salt. 

5.  By  calcination  in  a  low  red-heat,  the  portion  of  carbonic  acid, 
which  imparts  to  this  salt  its  characteristic  properties,  is  expelled, 
and  the  salt  returns  to  the  state  of  a  sub-carbonate. 

(Zr)  Bi-carbonate  of  potash,  in  all  its  forms,  is  decomposed  by 
the  stronger  acids ;  as  the  sulphuric,  nitric,  and  muriatic,  which 
unite  wUh  the  alkali,  and  set  the  gas  at  liberty. 

This  may  be  shown  by  pouring,  on  the  carbonate  contained  in  a 
gas  bottle,  any  of  the  acids,  and  collecting  the  gas  by  a  proper  ap- 
paratus. 

Art.  2. — Carbonate  of  Soda. 

There  are  two  distinct  compounds  of  carbonic  acid  and  soda, 
the  one  containing  precisely  half  as  much  carbonic  acid  as  the 
other. 

The  first,  or  sub -carbonate,  is  obtained  by  carefully  re -crystalliz- 
ing the  soda  of  commerce.  The  primitive  crystal  of  this  salt  is  an 
octohedron,  with  a  rhombic  base  of  60°  and  120°,  the  planes  of 
which  meet,  at  the  summit,  at  104°,  and,  at  the  base,  at  76°.  This 
crystal  varies  by  becoming  cuneiform,  and  also  by  the  replacement 
of  the  solid  angle  of  the  summits  by  planes  parallel  to  the  base,  af- 
fording the  decahedral  variety,  which  is  most  common.  These  crys- 
tals have  the  following  properties. 

1.  When  heated  to  150°  Fahrenheit,  they  fuse;  boil  violently, if 
the  heat  be  raised  ;  and  leave  a  dry  white  powder.  What  escapes 
is  water  only  ;  and  it  forms,  according  to  Berard,  62.69  per  cent. 
of  the  weight  of  the  salt ;  to  Kirwan,  64 ;  Dalton,  63 ;  and  D'Ar- 
cet,  63.6.  The  crystals,  also,  lose  their  water  by  exposure  to  the 
atmosphere,  or  effloresce. 

2.  If  the  fused  salt  be  kept  boiling  in  a  retort,  Mr.  Dalton  finds 
that  it  deposits  a  hard,  small-grained  salt,  which  contains  only  46 
per  cent,  of  water}  the  clear  liquid  has  the  specific  gravity  of 
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1.35  ;  and,  on  cooling,  concretes  into  a  fragile  icy  mass.  The  first 
compound,  Mr.  Dakon  estimates  to  consist  of  1  atom  of  carbonate 
and  10  of  water ;  the  second  of  1  atom  of  salt  and  5  of  water;  and 
the  third  of  1  atom  of  salt  and  15  of  water. 

3.  Water  at  60°  takes  up  half  its  weight  of  the  sub-carbonate  j 
and  boiling  water  dissolves  rather  more  than  its  own  weight  The 
strongest  solution,  that  can  be  preserved  at  the  temperature  of  the 
atmosphere,  has  the  specific  gravity  1.26;  but  even  this  is  liable 
to  parual  crystallization. 

4.  If  100  grains  of  the  salt  be  slowly  added  to  a  quantity  of  di- 
luted sulphuric  acid,  more  than  sufficient  for  saturation,  and  of 
known  weight,  the  loss  of  weight  will  show  the  quantity  of  carbo- 
nic acid  contained  in  100  grains.  From  experiments  of  this  kind, 
joined  with  others  on  its  loss  by  fusion,  Berard  deduces  its  compo- 
sition to  be 

Acid  ....  13.98  ....  100  ...  .  60 
Base  ....  23.33  ....  166  ....  100 
Water  .  .  .  62.69 


100. 


Acid. 

Base. 

37.50  . 

.   62.50 

40.09    . 

.  59.91 

40.40   . 

.  59.60 

42. 

.   58. 

40.10   . 

.  59.90 

Independently  of  the  water  of  crystallization,  its  composition  has 
been  differently  stated,  viz.  100  grains  contain 

According  to  Berard  .  .  . 

-1 Dulong  .  .  . 

Dakon    .  .  . 

Klaproth  .  . 

Kirwan  .  .  . 

Its  atomic  constitution  is  supposed  by  Mr.  Dalton  to  be  one  atom 
of  soda  with  one  atom  of  carbonic  acid. 

When  a  solution  of  the  sub-carbonate  of  soda  is  saturated,  by 
passing  through  it  a  stream  of  carbonic  acid  gas,  or  when  a  solu- 
tion of  100  parts  of  the  salt  are  heated  with  one  of  14  parts  of  sub- 
carbonate  of  ammonia,  we  obtain  by  evaporation  an  indistinctly  crys- 
tallized salt,  which  is  the  bicarbonate  of  soda.  The  taste  of  this 
salt  is  much  milder  than  that  of  the  sub-carbonate  ;  and  it  requires 
a  much  larger  quantity  of  water  for  solution.  To  bring  soda  to 
this  state  of  saturation,  100  parts  of  the  alkali  require  125.33  of 
carbonic  acid.  The  bi-carbonate  is,  therefore,  composed,  in  100 
parts, 

Acid.  Base.  Water. 
According  to  Berard,  of  .  49.95  .  .  29.85  .  .  20.20 
Rose  ....  49.       .  .  37.       .  .  14. 

And  as  the  acid  in  this  salt  is,  as  nearly  as  possible,  double  that 
of  the  sub-carbonate,  it  must  be  constituted  of  two  atoms  of  acid 
and  one  atom  of  soda.    By  exposure  to  a  red  heat,  the  whole  of  its 


212  CARBONATE  OF   AMMONIA.  CHAP.  XI. 

water,  and  half  its  carbonic  acid,  are  expelled,  and  it  is  converted 
into  the  dry  sub-carbonate. 

Art.  3. — Sub  carbonate  and  Carbonate  of  Ammonia. 

Ammonia,  in  its  pure  state,  exists  in  the  form  of  a  gas,  perma- 
nent over  mercury  only  :  and  carbonic  acid  has,  also,  the  form  of 
an  aerial  iluid.  But,  when  these  two  gases  are  mixed  together 
over  mercury  in  proper  proportions,  (viz.  one  measure  of  carbonic 
acid  to  two  or  three  of  alkaline  gas,)  they  both  quit  the  state  of 
gas.  and  are  entirely  condensed  into  a  white  solid  body.*  The 
compound  thus  formed,  it  appears  from  the  recent  experiments  of 
Gay  Lussac,  is  the  sub-carbonate  of  ammonia  ;  for  the  two  gases, 
he  finds,  cannot  by  simple  mixture,  be  made  to  unite  in  the  propor- 
tions necessary  to  neutralize  each  other.  To  effect  this,  it  is  ne- 
cessary to  expose  a  solution  of  sub-carbonate  of  ammonia  in  water 
to  carbonic  acid  gas,  in  which  case  the  affinity  of  the  water  concurs 
in  overcoming  the  elasticity  of  the  acid  gas. 

Those  persons  who  are  not  possessed  of  a  mercurial  trough  may 
compose  the  sub-carbonate  of  ammonia  in  the  following  manner:— 
Provide  a  globular  receiver,  having  two  open  necks  opposite  each 
other.  Into  one  of  these  introduce  the  neck  of  a  retort,  containing 
carbonate  of  lime  and  dilute  sulphuric  acid,  from  which  a  constant 
stream  of  carbonic  acid  will  issue.  The  inner  surface  of  the  globe 
will  remain  perfectly  unclouded.  Into  the  opposite  opening,  let 
the  mouth  of  a  retort  be  introduced,  containing  the  materials  for 
ammoniacal  gas.  (Chap.  vii.  sect.  2.)  The  i»ner  surface  of  the 
globe  will  now  be  covered  with  a  dense  crust  of  carbonate  of  am- 
monia. 

The  sub-carbonate  of  ammonia  may  also  be  formed,  by  passing 
into  a  jar  three  fourths  filled  with  carbonic  acid  over  mercury,  a 
solution  of  pure  ammonia,  which  will  instantly  effect  an  absorption 
of  the  gas.  The  ordinary  mode  of  producing  it  for  useful  pur- 
poses will  be  described  hereafter. 

(/;)  Sub-carbonate  of  ammonia  retains,  in  a  considerable  degree, 
the  pungent  smell  of  the  pure  volatile  alkali.  It  is,  also,  unlike  the 
other  sub-carbonates,  volatilized  by  a  very  moderate  heat,  and  evapo- 
rates without  entering  previously  into  a  liquid  state  The  vapour 
that  arises  may  be  again  condensed  in  a  solid  state  ;  affording  an 
example  of  sublimation.  This  may  be  shown,  by  applying  heat  to 
the  sub-carbonate  of  ammonia  in  a  retort,  to  which  a  receiver  is 
adapted.  The  sub-carbonate  will  rise,  and  be  condensed  in  the  re- 
ceiver in  the  form  of  a  white  crust. 

(c)  This  sub-carbonate  does  not  contract  moisture  from  the  air, 
but.  on  the  contrary,  loses  weight. 


*  Here  some  free  caloric  appears  ;  but  far  inferior  to  what  we  should  expect 
from  the  condensation  of  two  permanently  elastic  fluids.  The  vapour  of  the 
gases  thus  set  free,  and  condensed  into  a  state  of  water,  is  fully  sufficient  to 
explain  its  production.    C 
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(d)  Sub-carbonate  of  ammonia,  like  those  of  potash  and  soda, 
converts  vegetable  blue  colours  to  green,  as  the  pure  alkalis  do. 

(e)  It  requires  for  soiution  rather  more  than  twice  its  weight 
of  cold  water,  oi  an  equal  weight  of  boiling  water.  At  the  latter 
temperature,  however,  it  is  partly  decomposed,  and  a  violent  effer- 
vescence ensues. 

(/)  In  composition  it  varies  considerably,  according  to  the  tem- 
perature in  which  it  has  been  formed.  Thus,  sub-carbonate  of  am- 
monia, which  has  been  produced  in  a  temperature  of  300°  Fahren- 
heit, contains  50  per  cent,  of  alkali ;  while  carbonate  formed  at  60° 
contains  only  20  per  cent.  By  Gay  Lussac,*  the  sub-carbonate  of 
ammonia  is  said  to  consist  of 

Ammonia  ....  43.98  ....   100  ...  .   78.57 
Carbonic  acid  .  .  56.02  ....   127.5  .  .  .  100. 


100.  227.5  178.57. 

(g-)  It  is  decomposed  by  pure  potash  and  pure  soda  ;  and  by  the 
sub-carbonates  of  those  alkalis,  which  attract  its  carbonic  acid,  and 
expel  the  alkali.  Hence  it  has  been  recommended,  by  Berthollet, 
to  employ  this  salt  lor  the  full  saturation  of  potash  with  carbonic 
acid,  which  may  be  accomplished  by  the  following  process. 

To  a  filtered  solution  of  four  pounds  of  pearl-ash  in  four  quarts  of 
water,  add  one  pound  of  carbonate  of  ammonia,  reduced  to  powder;  and 
stir  the  mixture  at  intervals,  till  the  carbonate  of  ammonia  is  entirely 
dissolved.  Filter  the  liquor,  and  put  it  into  a  retort,  which  may  be 
set  in  a  sand-bath,  and  be  connected  with  a  receiver.  A  very  gen- 
tle heat  is  to  be  applied ;  so  as  to  distil  off  about  half  a  pint  of  the 
liquor,  which  will  consist  of  a  solution  of  carbonate  of  ammonia  in 
water.  The  liquor  in  the  retort  may  either  be  allowed  to  cool  in  it, 
or  be  transferred  into  a  flat  evaporating  dish  of  Wedgwood's  ware. 
When  cold,  crystals  of  the  carbonate  of  potash  will  probably  be 
formed;  otherwise  another  portion  must  be  distilled  off,  and  this 
must  be  repeated  till  the  crystals  appear;  separate  the  first  crystals 
that  are  formed  ;  and,  on  repeating  the  distillation  and  cooling,  fresh 
sets  will  appear  in  succession.  A  considerable  portion  of  the  solu- 
tion, however,  will  refuse  to  crystallize.  This  may  be  boiled  to 
dryness,  and  applied  to  the  purposes  of  sub-carbonate  of  potash. 
The  crystals  of  carbonate  of  potash  may  be  washed  with  a  small 
quantity  of  cold  water  and  dried  on  blotting  paper  ;  or  if  they  are 
required  of  great  purity,  they  may  be  dissolved  in  cold  water,  and 
recrystallized,  using  the  gentlest  heat  possible  in  evaporating  the 
solution. 

The   NEUTRAL   CARBONATE  Or    BI-CARBONATE     OF   AMMONIA  Was 

formed  by  Berthollet,  by  impregnating  a  solution  of  sub-carbonate 
with  carbonic  acid  gas.  According  to  his  experiments,  it  is  com- 
posed of 

Ammonia    ....  28.19  ....   100  ....  39.2 
Carbonic  acid  ..  71.81  ....  255  ..  .    100. 


100.  355  139.2 

v  Memoires  d'Arcueil,  ii.  214. 


214  CARBONATE  OF  BARYTES.  CHAP.  XI. 

From  the  known  specific  gravity  of  those  two  bodies  Gay  Lussac 
has  calculated  that  the  neutral  carbonate  consists  of  exactly  equal 
quantities  by  measure  of  the  two  gases,  while  the  suo-carbonate  is 
composed  of  two  volumes  of  alkaline  gas  to  one  of  carbonic  acid 
gas. 

Art.  4. — Carbonate  of  Barytes. 

I.  Pure  barytes  has  a  very  powerful  affinity  for  carbonic  acid. 

1.  Let  a  solution  of  pure  barytes  be  exposed  to  the  atmosphere. 
It  will  soon  be  covered  with  a  thin  wnite  pellicle  ;  which,  when 
broken,  will  fall  to  the  bottom  of  the  vessel,  and  be  succeeded  by 
another.  This  may  be  continued,  till  the  whole  of  the  barytes  is 
separated.  The  effect  arises  from  the  absorption  of  carbonic  acid, 
which  is  always  diffused  through  the  atmosphere,  and  wtiich 
forms  with  barytes  a  substance,  -viz.  carbonate  of  barytes,  much  less 
soluble  than  the  pure  earth. 

a.  Blow  the  air  irom  the  lungs,  by  means  of  a  quill,  a  tobacco- 
pipe,  or  glass  tube,, through  a  solution  of  barytes.  The  solution 
will  immediately  become  milky,  for  the  same  reason  as  before. 

3.  With  a  solution  of  pure  barytes,  mingle  a  little  water,  im- 
pregnated with  carbonic  acid.  An  immediate  precipitation  of  car- 
bonate of  barytes  will  ensue. 

4.  Barytes  has  so  strong  an  affinity  for  carbonic  acid,  as  even  to 
take  it  from  other  bodies.  To  a  solution  of  a  small  portion  of  car- 
bonate of  potash,  of  soda,  or  of  ammonia,  add  the  solution  of  barytes. 
The  barytes  will  separate  the  carbonic  acid  from  the  alkali,  and 
will  fall  down  in  the  state  of  a  carbonate.  By  adding  a  sufficient 
quantity  of  a  solution  of  barytes  in  hot  water,  the  whole  of  the  car- 
bonic acid  may  thus  be  taken  from  a  carbonated  alkali ;  and  the 
alkali  will  remain  perfectly  pure. 

II. —  1.  Carbonate  of  barytes  is  nearly  insoluble  in  water,  which, 
at  60°,  does  not  take  up  more  than  -53^0  Part>  or,  when  boiling, 
about  ^-joo"  Water  impregnated  with  carbonic  acid  dissolves  a 
considerably  larger  proportion. 

2.  Carbonate  of  barytes  is  perfectly  tasteless,  and  does  not  alter 
vegetable  blue  colours.     It  acts  as  a  violent  poison. 

3.  The  combination  of  carbonic  acid  with  barytes  may  either  be 
formed  artificially,  as  in  the  manner  already  described,  and  by 
other  processes,  to  be  detailed  in  the  sequel,  in  which  case  it  is 
termed,  the  artificial  carbonate  :  or  it  may  be  procured,  ready 
formed,  from  the  earth,  and  is  then  called  the  native  carbonate.  It 
is  not,  however,  a  very  common  production  of  nature.  The  largest 
quantity,  hitherto  discovered,  is  in  a  mine,  now  no  longer  worked, 
at  Anglezark,  near  Chorley,  in  Lancashire. 

4.  The  native  and  artificial  carbonates  differ  in  the  proportion  of 
their  components.  The  former  contains,  in  100  parts,  20  acid  and 
80  barytes.  The  artificial,  according  to  Pelletier,  consists  of  22 
acid,  62  earth,  and  16  water.  Strictly  speaking  they  are  both  sub- 
carbonates  ;  but  as  we  are  unacquainted  with  any  other  compound 
of  barytes  and  carbonic  acid,  they  may  be  allowed  to  retain  the  ac- 
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customed  name  of  carbonate.  The  latest  analyses  of  this  com- 
pound by  Mr.  Aikin,  Mr.  James  Thomson,*  and  others,  fix  its  com- 
position as  follows : 

Curb.  acid.         Barytes. 
From  Mr.  Aikin's  experiments     ....     21.67     .,  .      78.33 

Thomson's 21.75     ."  .       78.25 

Claproth  and  Rose's     ....     22.00     .     .       78.00 

Bucholz's 21.00     .     .        79.00 

Berzelius'sf 21.60     .     .       78.40 

Dr.  Wollaston  (from  theory)  22.09     .     .       77.91 

When  100  grains  of  the  carbonate  are  dissolved  in  nitric  acid, 
and  precipitated  by  a  sulphate,  they  afford,  according  to  Berzelius, 
1 18.6  or  119  grains  of  sulphate  of  barytes. 

5.  Carbonate  of  barytes  is  decomposed  by  an  intense  heat ;  its 
carbonic  acid  being  expelled  ;  and  the  barytes  remaining  pure. 
The  artificial  carbonate  is  most  readily  decomposed  ;  but  the  native 
one  is  generally  employed  for  obtaining  pure  barytes,  because  it 
may  be  had  in  considerable  quantity.  The  process,  which  I  have 
found  to  answer  best,  is  nearly  that  of  Pelletier.  Let  the  native  car- 
bonate be  powdered,  and  passed  through  a  fine  sieve.  Work  it  up 
with  about  an  equal  bulk  of  wheaten  flour  into  a  ball,  adding  a  suffi- 
cient quantity  of  water.  Fill  a  crucible  of  proper  size,  about  one- 
third  its  height,  with  powdered  charcoal ;  place  the  ball  on  this  ; 
and  surround  and  cover  it  with  the  same  powder,  so  as  to  prevent 
its  coming  into  contact  with  the  sides  of  the  crucible.  Lute  on  a 
cover :  and  expose  it,  for  two  hours,  to  the  most  violent  heat  that 
can  be  raised  in  a  wind  furnace.  Let  the  ball  be  removed  when  cold. 
On  the  addition  of  water,  it  will  evolve  great  heat,  as  already  de- 
scribed (chap,  viii.),  and  the  barytes  will  be  dissolved.  The  filtered 
solution,  on  cooling,  will  shoot  into  beautiful  crystals. 

6.  Carbonate  of  barytes  is  decomposed  by  the  sulphuric,  nitric, 
muriatic,  and  various  other  acids,  which  detach  the  carbonic  acid, 
and  combine  with  the  earth. 

Art.  5. — Carbonate  of  Stronlites. 

The  relation  of  strontites  to  carbonic  acid  resembles,  very  close- 
ly, that  of  barytes;  and  all  the  experiments,  directed  to  be  made 
with  the  solution  of  the  latter  earth,  may  be  repeated  with  that  of 
strontites,  which  will  exhibit  similar  appearances. 

The  carbonate  of  strontites  requires  for  solution  1536  parts  of 
boiling  water.  It  is  found  native  at  Strontian  in  Argyleshire ; 
and  may,  also,  be  prepai'ed  by  artificial  processes,  Which  will  be  af- 
terwards described.  From  this  carbonate  pure  strontites  may  be 
prepared,  by  treating  it  in  the  same  manner  as  was  directed  for  the 
calcination  of  carbonate  of  barytes. 

Art.  6. — Carbonate  of  Lime. 

1 .  Lime  has  a  strong  attraction  for  carbonic  acid,  but  not  when 
perfectly  dry. 

*  Nicholson'*  Journal,  xxii.  xx'rii.  %  78  An.de  Ch.  29. 
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(a)  If  a  piece  of  dry  quicklime  be  passed  into  a  jar  of  carbonic 
acid  gas  over  mercury,  no  absorption  ensues.  But  invert  a  bottle, 
filled  with  carbonic  acici  gas.  over  a  mixture  of  lime  and  water  of 
the  consistence  of  cream,  and  a  rapid  absorption  will  be  observed, 
espeeially  if  the  bottle  be  agitated. 

(6)  Let  a  jar  or  bottte,  filled  with  carbonic  acid,  be  brought  over 
a  vessel  of  lime  water.  On  agitating  the  vessel,  a  rapid  diminu- 
tion will  ensue,  and  the  lime  water  will  become  milky. 

(c)  Leave  a  shallow  vessel  of  lime  water  exposed  to  the  air.  A 
white  crust  will  form  on  the  surface,  and  this,  if  broken,  will  fall 
to  the  bottom,  and  be  succeeded  by  another.  This  is  owing  to  the 
absorption  of  carbonic  acid  gas  from  the  air  by  the  lime,  which  is 
thus  rendered  insoluble  in  water. 

(d)  Lime,  when  exposed  to  the  atmosphere,  first  acquires  mois- 
ture, and  then  carbonic  acid  ;  and,  in  a  sufficient  space  of  time,  all 
the  characters  distinguishing  it  as  lime  disappear. 

(e)  Lime  has  an  extremely  strong  affinity  for  carbonic  acid, 
which  enables  it  to  take  this  acid  from  other  substances.  Thus 
carbonates  of  alkalis  are  decomposed  by  lime.  Slake  a  given 
quantity  of  lime  into  a  paste  with  water,  and  add  half  its  weight 
of  carbonate  of  potash  or  soda.  Boil  the  mixture,  for  half  an 
hour,  in  an  iron  kettle,  and  separate  the  liquid  part  by  filtration  or 
by  subsidence.  The  carbonic  acid  combines  with  the  lime,  and  the 
alkali  is  obtained  in  a  state  of  solution  perfectly  free  from  carbo- 
nic acid.  This  is  the  ordinary  mode  of  depriving  the  alkalis  of 
carbonic  acid. 

(/)  Lime,  when  saturated  with  carbonic  acid,  must  necessarily 
form  carbonate  of  lime.  We  are  unacquainted,  however,  with 
this  salt,  and  it  is  chiefly  by  a  process  of  reasoning  that  Berthollet 
has  shown  it  must  consist  of  100  parts  of  lime  united  to  150  6  car- 
bonic acid ;  whereas  in  the  sub-carbonate  100  parts  of  lime  are 
combined  with  only  half  that  quantity.*  Of  this,  common  chalk 
may  be  taken  as  a  fair  sample ;  and  in  all  sub-carbonates  of  this 
earth,  we  find  the  characters  of  insipidity  and  insolubility  in  water. 
Calcareous  spar,  marble,  stalactites,  lime-stone,  and  chalk,  are  all 
varieties  of  sub-carbonate  of  lime.     It  contains  per  cent. 

According  to  Wollaston     . 
Berzelius 

It  appears  to  be  constituted  of  an  atom  of  lime  united  with  an 
atom  of  carbonic  acid. 

(§•)  Carbonate  of  lime  is  decomposed  by  a  strong  heat.  If  dis- 
tilled in  an  earthen  retort,  carbonic  acid  gas  is  obtained,  and  lime 
remains  in  the  retort  in  a  pure  or  caustic  state.  By  this  process  it 
loses  about  45  per  cent. 

The  very  curious  and  important  experiments  of  Sir  James  Hall 
have  proved,  that  when  the  escape  of  the  carbonic  acid  is  prevent- 
ed by  strong  pressure,  carbonate  of  lime  is  fusible  in  a  heat  of  about 

*  Meraoires  d'Arcusil,  ii.  478. 


Acid. 

Base. 

43.7      . 

.      56.3 

43.6     . 

.      56.4 
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22°  of  Wedgwood's  pyrometer.*  And  Mr.  Bucholz  has  lately- 
fused  this  substance,  by  the  sudden  application  of  a  violent  heat, 
without  additional  compression.! 

(h)  Carbonate  of  lime  is  decomposed  by  the  stronger  acids. 
Put  some  chalk  into  a  gas  bottle,  and  pour  on  it  diluted  sulphuric 
acid.  The  sulphuric  acid  will  unite  with  the  lime,  and  the  carbo- 
nic acid  will  be  set  at  liberty.  One  hundred  grains  of  carbonate 
of  lime,  according  to  Pfaff,  are  saturated  by  88  grains  of  sulphuric 
acid  of  the  specific  gravity  1854;  and  give  129.4  of  sulphate  of 
lime.  These  numbers,  however,  are  not  consistent  with  the  known 
composition  of  carbonate  and  sulphate  of  lime,  which  requires  that 
100  grains  of  the  carbonate  should  be  saturated  by  9.75  of  oil  of 
vitriol  of  the  specific  gravity  1850,  and  that  there  should  result 
136  of  calcined  sulphate  of  lime. 

By  a  comparison  of  this  experiment  with  the  preceding  one  (g-), 
we  may  learn  the  proportion  of  carbonic  acid  and  water  contained 
in  any  carbonate  of  lime.  Let  100  grains  of  the  carbonate  be  put 
into  a  Florence  flask,  with  an  ounce  or  two  of  water ;  place  this  in 
the  scale  of  a  balance;  and  in  the  same  scale,  but  in  a  separate 
bottle,  about  half  an  ounce  of  muriatic  acid.  Add  the  muriatic 
acid  to  the  carbonate  as  long  as  any  effervescence  is  produced,  and 
then  blow  out  the  disengaged  carbonic  acid,  which  remains  in  the 
flask,  by  a  pair  of  bellows.  Ascertain,  by  adding  weights  to  the 
opposite  scale,  how  much  has  been  lost;  suppose  it  to  be  forty 
grains;  this  shows  the  quantity  of  carbonic  acid  disengaged.  Cal- 
cine another  100  grains  in  a  covered  crucible.  It  will  lose  still 
more  of  its  weight;  because,  besides  its  carbonic  acid,  all  the  wa- 
ter is  expelled  which  it  may  contain.  Let  this  loss  be  stated  at  45 
grains  ;  the  former  loss  de/lucted  from  this  (45  —  40),  or  5  grains, 
shows  the  quantity  of  water  in  100  of  the  carbonate. 

(?)  Carbonate  of  lime,  though  scarcely  dissolved  by  pure  water, 
is  soluble  in  water  saturated  with  carbonic  acid.  The  most  striking 
method  of  showing  this  is  the  following  :  Add  to  a  jar,  about  one 
fourth  filled  with  lime  water,  a  very  small  quantity  of  water  satu- 
rated with  carbonic  acid.  An  immediate  milkiness  will  ensue,  be- 
cause the  carbonic  acid  forms  with  the  lime  an  insoluble  carbonate. 
Add  gradually  more  of  the  water,  impregnated  with  carbonic  acid, 
shaking  the  jar  as  these  additions  are  made.  At  last  the  precipi- 
tate is  re-dissolved.  Hence  it  appears  that  lime,  with  a  certain 
proportion  of  carbonic  acid,  is  insoluble,  and,  with  a  still  larger, 
again  becomes  soluble  in  water. 

(k)  The  carbonate  of  lime,  dissolved  by  an  excess  of  carbonic 
acid  (i),  is  again  separated,  when  this  excess  is  driven  off.  Thus 
boiling,  which  expels  the  superabundant  acid,  precipitates  the  car- 
bonate.    Caustic,  or  pure  alkalis,  also  produce  a  similar  effect. 

Art.  7. — Carbonate  of  Magnesia. 

I.  Pure  magnesia  does  not  attract  carbonic  acid  with  nearly  the 
same  intensity  as  lime.     Hence  magnesia  may  be  exposed,  for  a 

*  Nicholson's  Journal,  xiii.  xiv.  f  Ibid.  xvii.  £29. 
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long  time,  to  the  air,  withou;  any  important  change  in  its  properties, 
or  much  increase  of  weight.  The  carbonate  of  magnesia,  used  in 
medicine,  and  for  experimental  purposes,  is  prepared  by  a  process 
to  be  described  in  the  sequel.  In  this  state,  novvever,  it  is  not  entire- 
ly saturated  with  carbonic  acid,  and  is  rather  a  sub-carbonate.  Its 
composition  Bucliolz  states  to  vary,  as  it  is  prepared  with  or  without 
heat.  If  the  former,  it  contains  per  cent.  42  base,  35  acid,  23  wa- 
ter ;  if  prepared  from  cold  solutions  of  sub-carbonaie  of  boda  and 
sulphate  of  magnesia,  it  consists  of  33  base,  32  acid,  and  35  water. 
Mr.  Dalton  makes  it  to  be  qom  posed  of  43  base,  40  acid,  and  17  wa- 
ter, which  numbers  indicate  that  it  is  constituted  of  one  atom  of 
acid,  one  of  earth,  and  one  of  water. 

II.  The  saturated  carbonate  (as  it  has  generally  been  consider- 
ed) may  be  obtained,  by  passing  streams  of  carbonic  acid  gas 
through  water,  in  which  the  sub-carbonate  is  kept  mechanically 
suspended.  The  solution  yields,  when  evaporated,  small  crystals, 
which  are  transparent  hexagonal  prisms,  terminated  by  hexagonal 
planes.  These  crystals  have  no  taste,  and  are  soluble  in  48  parts 
of  cold  water  ;  whereas  the  sub-carbonate  requires  at  least  ten  times 
that  quantity.  The  crystallized  carbonate  contains  per  cent. 
30  acid,  30  earth,  and  40  water,  so  that  it  is  in  reality  consti- 
tuted like  the  common  carbonate,  but  with  3  atoms  of  water  in- 
stead of  one. 

III.  The  carbonate  of  magnesia  is  decomposed  by  the  same 
agents  as  the  carbonate  of  lime.  It  yields  its  carbonic  acid,  how- 
ever, in  a  much  more  moderate  heat. 

IV  Lime  has  a  stronger  affinity  than  magnesia  for  carbonic  acid. 
Hence,  if  lime  water  be  digested  with  carbonate  of  magnesia,  the 
lime  is  precipitated  in  the  state  of  an  insoluble  carbonate. 

Art.  8.— Carbonate  of  Glucine. 

Glucine  appears  to  have  a  considerable  affinity  for  carbonic 
acid  ;  for,  when  precipitated  from  acids  by  pure  alkalis,  and  dried 
in  the  air,  it  becomes  effervescent.  The  carbonate  of  glucine  is 
white,  insipid,  insoluble  and  very  light.  It  contains  about  one 
fourth  its  weight  of  carbonic  acid,  which  it  loses  by  exposure  to  a 
low  red-heat. 

The  carbonate  of  silex  does  not  exist,  and  those  of  zircon,  alu- 
mine,  and  yttria,  have  no  peculiarly  interesting  properties. 


SECTION  V. 

Gaseous  Oxide  of  Carbon,  or  Carbonous  Oxide. 

This  combination  of  carbon  with  oxygen  contains  a  less  propor- 
tion of  oxygen  than  is  found  in  carbonic  acid.  Its  discovery  was 
announced  in  Nicholson's  Journal,  for  April  1801,  by  Mr.  Cruick- 
shank,  and  in  the  38th    volume  of  the  Annates  dc  Cnimic,  by  Cle- 
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ment  and  Desormes,  whose  experiments  are  continued  in  the  39th 
volume,  page  26.  The  Dutch  chemists,  however,  in  volume  43,  ob- 
ject to  its  being  considered  as  a  distinct  gas,  and  regard  it  merely 
as  a  carburet  of  hydrogen.  But  their  objections  do  not  appear  sut- 
ficiently  strong  to  prevent  the  acknowledgment  of  the  gaseous  oxide 
as  a  new  and  peculiar  species. 

It  may  be  procured  by  any  of  the  following  processes  : 

1.  By  the  distillation  of  the  white  oxide  of  zinc  with  one  eighth 
its  weight  of  charcoal,  in  an  earthen  or  glass  retort ;  from  the  scales 
which  fly  from  iron  in  forging,  mixed  with  a  similar  proportion  of 
charcoal;  from  the  oxides  of  lead,  manganese,  or,  indeed,  of  almost 
every  imperfect  metal,  when  heated  in  contact  with  powdered  char- 
coal. It  may  also  be  obtained  from  the  substance  which  remains 
after  preparing  acetic  acid  from  acetate  of  copper. 

2.  From  well  dried  carbonate  of  barytes  or  of  lime  (common 
chalk),  distilled  with  about  one  fifth  of  charcoal ;  or  with  rather  a 
larger  proportion  of  dry  iron  or  zinc  filings,  which  afford  it  quite 
free  from  hydrogen. 

5.  By  transmitting  carbonic  acid  gas  over  charcoal  ignited  in  a 
porcelain  tube.  The  acid  gas  combines  with  an  additional  dose  of 
charcoal ;  loses  its  acid  properties  ;  and  is  converted  into  the  car- 
bonous  oxide.  An  ingenious  apparatus,  contrived  by  M.  Baruel, 
and  extremely  useful  for  this  and  similar  purposes,  is  described 
and  represented  by  a  plate,  in  the  11th  volume  of  Nicholson's 
Journal. 

The  last  product  of  the  distillation  is  the  purest,  but  still  con- 
tains carbonic  acid,  which  must  be  separated  by  washing  the  gas 
with  lime  liquor. 

Its  properties  are  as  follow  : 

(a)  It  has  an  offensive  smell. 

(b)  It  is  lighter  than  common  air,  in  the  proportion  of  966  to 
1000.  One  hundred  cubical  inches  weigh  30  grains,  the  tempera- 
ture being  55°  Fahrenheit,  and  pressure  29.5  (Cruickshatik) ;  or  at 
temperature  60°,  and  barometer  3o°,  100  cubic  inches  weigh 
30.19  grains.  Its  specific  gravity  from  calculation,  according  to  Gay 
Lussac,  should  be  .96782. 

(V)  It  is  inflammable,  and,  when  set  fire  to,  as  it  issues  from  the 
orifice  of  a  small  pipe,  burns  with  a  blue  flame.  When  mixed  with 
common  air,  it  does  not  explode  like  other  inflammable  gases,  un- 
less in  very  few  proportions,*  but  burns  silently  with  a  lambent 
blue  flame.     It  detonates,  however,  with  oxygen  gas. 

(f/)  When  a  stream  of  this  gas  is  burnt,  in  the  manner  described  in 
speaking  of  hydrogen  gas,  no  water  is  condensed  on  the  inner  sur- 
face of  the  glass  globe,  a  proof  that  the  gaseous  oxide  contains  no 
hydrogen.t    Berthollet,  indeed,  still  contends,  in  opposition  to  most 


*  Dalton's  System,  p.  373. 

f  Assuredly  this  proof  is  at  best  very  unsatisfactory;  for  since  it  is  admitted 
by  all,  that  gases  hold  water  in  solution,  the  carbonic  acid  gas  formed,  will 
take  up  the  small  quantity  produced  in  such  experiments — for  on  so  very  small 
a  scale,  the  proportion  of  hydrogen,  must  be  extremely  minute.    C. 
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chemists  (and  among  others  to  Gay  Lussac)  that  hydrogen  is  one 
ot  the  elements  of  this  gas. 

(e)  It  is  sparingly  soluble  in  water;  is  not  absorbed  by  liquid 
caustic  alkalis  ;  nor  does  it  precipitate  lime  water. 

(/)  It  is  extremely  noxious  to  animals  ;  and  fatal  to  them  if  con- 
fined in  it.  When  respired  for  a  few  minutes,  it  produces  giddi- 
ness and  fainting.* 

(,§•)  When  100  measures  of  carbonous  oxide  are  fired  over  mer- 
cury in  a  detonating  tube,  with  45  of  oxygen  gas,  the  total  145  are 
diminished  to  90,  which  consist  entirely  of  carbonic  acid.  Propor- 
tions, differing  a  little  from  these,  have  been  stated  by  Berthollet, 
viz.  that  100  measures  of  carbonous  oxide  are  saturated  by  50  mea- 
sures of  oxygen,  and  give  100  of  carbonic  acid  ;  and  these  last  pro- 
portions are  coincident,  also,  both  with  the  theory  and  experience 
of  Gay  Lussac. 

(h)  It  is  not  expanded  by  electric  shocks,  nor  does  it  appear  to 
undergo  any  change  by  electrization. 

(i)  When  the  carbonic  oxide,  mingled  with  an  equal  bulk  of  hydro- 
gen gas,  is  passed  through  an  ignited  tube,  the  tube  becomes  lined 
with  charcoal.  In  this  temperature  the  hydrogen  attracts  oxygen  more 
strongly  than  it  is  retained  by  the  charcoal,  and  forms  water.  It  was 
found,  also,  by  Gay  Lussac,  to  be  decomposed  by  the  action  of 
potassium,  which  combines  with  the  oxygen,  and  precipitates  char- 
coal. 

According  to  Mr.  Cruickshank,  it  contains  per  cent,  about  70 
oxygen,  and  30  carbon  by  weight ;  or  the  former  is  to  the  latter  as 
21  to  8.6,  or  as  21  to  9.  Gay  Lussac,  however,  makes  it  to  con- 
sist of  43  charcoal  and  57  oxygen  ;  Berzelius  of  44.28  charcoal  and 
55.72  oxygen,  proportions,  which  agree,  within  a  small  fraction,  with 
those  of  Clement  and  Desormes.  It  contains,  therefore,  just  half 
the  oxygen  that  exists  in  carbonic  acid  ;  and  it  is  constituted  of  one 
atom  of  charcoal  and  one  atom  of  oxygen,  and  weighs,  according  t« 
Mr.  Dalton,  7  -f  5.4  =  12.-4,  or  by  the  corrected  numbers,  7.5  -f 
5.8  =  13.3.f 

*  See  Phil.  Mag.xliii.  367. 

•J-  This  gas,  which  contains  much  more  carbon  in  its  composition  than  carbo- 
nic acid  gas,  and  is  lighter  than  common  air,  must  be  a  very  singular  anomaly, 
if  in  fact  it  contains  no  hydrogen.  Since  the  Dutch  chemists  nevertheless,  as 
well  as  Mr.  Berthollet,  maintain  its  existence  in  it ;  this,  together  with  its  inflam- 
mability, would  induce  me  to  accede  to  their  opinion,  rather  than  to  the  other. 
It  is  also  shewn  above  that  great  difference  of  sentiment,  as  to  the  proportions, 
exists  between  those,  who  contend  for  its  being  constituted  of  only  carbon  and 
oxygen.  Shall  we  then  admit  unsettled  assertion,  as  an  absolute  negative  to  the 
presence  of  hydrogen  ?    C. 
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Combination  of  Carbon  with  Hydrogen,  forming  Carburetted  Hydro- 
gen Gas,  or  Hydro-Carburet. 

I.  Of  this  combination  there  appear,  on  first  view,  to  be  several 
distinct  varieties,  consisting  of  carbon  and  hydrogen,  united  in  va- 
rious proportions,  and  obtained  by  different  processes. 

1.  When  the  vapour  of  water  is  brought  into  contact  with  red- 
hot  charcoal,  (Ly  means  of  an  apparatus  similar  to  that  represented, 
fig.  40),  two  different  products  are  obtained.  The  oxygen  of  the 
water,  uniting  with  the  carbon,  constitutes  carbonous  oxide  and 
carbonic  acid  ;  and  the  hydrogen  of  the  water  dissolving,  at  the 
moment  of  its  liberation,  a  portion  of  charcoal  composes  carburet- 
ted hydrogen  gas.*  The  carbonic  acid  may  be  separated  from  the 
hydro-carbuixt,  by  agitating  the  gas,  which  has  been  produced,  in 
contact  with  lime  and  water,  mixed  together,  so  as  to  be  of  the  con- 
sistence of  cream. 

2.  By  stirring,  with  a  stick,  the  mud  that  is  deposited  at  the  bot- 
tom of  ditches'or  stagnant  pools,  bubbles  of  gas  ascend  to  the  sur- 
face, and  may  be  collected  in  an  inverted  bottle  of  water,  to  the 
mouth  of  which  a  funnel,  also  inverted,  is  fixed. 

3.  By  submitting  coal  to  distillation,  in  an  iron  or  coated  glass 
retort,  a  large  quantity  of  gas,  besides  a  portion  of  tar,  is  produced. 
The  latter  may  be  received  in  an  intermediate  vessel ;  and  the  gas 
must  be  well  washed  with  lime  liquor.  The  first  product  only  is 
to  be  reserved  as  a  specimen  of  coal  gas  ;  for,  as  the  distillation  pro- 
ceeds, its  density  becomes  gradually  less  ;  till,  at  length,  the  gas, 
which  is  produced  at  the  close  of  the  operation,  is  only  about  half 
as  heavy  as  that  evolved  at  first.  The  quantity  of  gas,  also,  which 
is  produced  from  a  given  weight  of  coal,  is  so  variable  from  differ- 
ent kinds  of  this  mineral,  and  is  so  much  influenced  by  the  degree 
of  heat  employed  in  its  production,  that  it  is  scarcely  possible  to 
state  any  general  average.  From  120  pounds  avoirdupois  of  the 
sort  of  coal  called  Wigan  Cannel,  about  340  cubic  feet  of  gas  may 
be  obtained,  of  which  half  a  cubic  foot  fier  hour  is  equal  to  a  mould 
candle  of  six  to  the  pound,  burning  during  the  same  space  of  time. 

4.  Let  a  porcelain  tube,  coated  with  clay,  be  fixed  horizontally 
in  a  furnace,  in  the  manner  represented,  fig.  40.  To  one  end  let  a 
retort  be  luted,  containing  an  ounce  or  two  of  ether  or  alcobol  ; 
and,  to  the  other,  a  bent  tube,  which  terminates  under  the  shelf  of 
the  pneumatic  trough.  A  gas  will  be  disengaged,  on  igniting  the 
lube,  and  transmitting,  through  it,  the  alcohol  or  ether  in  vapour, 
which,  when  washed  with  lime-liquor,  is  the  carburetted  hydro- 
gen. 

5.  A  fifth  mode  of  obtaining  hydro-carburet,  consists  in  distil- 
ling, in  a  glass  retort, with  a  gentle  heat,  three  measures  of  concen- 
trated sulphuric  acid,  and  one  measure  of  alcohol.    The  mixture 

*  In  Nicholson's  Journal,  xi.  68, 1  have  stated  my  reasons  for  believing  that 
this  gas  is  not  pure  hydro-carburet. 
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assumes  a  black  colour  and  thick  consistence  ;  and  bubbles  of  gas 
are  disengaged,  which  may  be  collected  over  water.  For  reasons 
which  will  afterwards  be  stated,  this  gas  has  been  named  the  oiefi- 
ant  gas. 

I{. —  l.  These  different  gases  vary  considerably,  in  density  or 
specific  gravity.  Atmospheric  air  being  1000,  tne  specific  gravity 
oigasjrom  moistened  charcoal,  is  480;  from  ether  or  alcohol  520; 
from  pit-coal  between  300  and  780,according  to  the  period  of  the  dis- 
lillaiion,  at  which  it  is  collected,  the  early  products  being  always 
the  heaviest.  Gas  from  stagnant  water,  according  to  Mr.  Dalton, 
is  of  the  specific  gravity  600,  and  hence  100  cubic  inches  must 
weigh  18.3;  but  Dr.  Thomson  fixes  its  specific  gravity  at  555, 
which  would  give  only  16.93  grains  for  100  cubic  inches.  The 
specific  gravity  of  oltjiani  gas  is  stated  by  the  Dutch  chemists,  its 
discoverers,  at  909,  by  Dilton  and  Henry  at  967  or  950,  and  by  Dr. 
Thomson  at  974.  From  the  last  number,  the  weight  of  100  cubic 
inches,  at  6^°  Fahrenheit,  and  30  inches  barometer,  may  be  deduc- 
ed to  be  29.72  grains. 

2.  These  gases  differ  as  to  the  quantity,  which  water  is  capable 
of  absorbing  ;  for  of  the  olefiant  gas  it  takes  up  \\\\  of  its  bulk  ;  of 
gas  from  stagnant  water  g—  ;  and  of  the  others  still  less. 

3.  The  varieties  of  carburetted  hydrogen  gas,  all  agree  in  being 
inflammable;  but  they  possess  this  property  in  various  degrees,  as 
is  evinced  by  the  variable  brightness  of  the  flame,  which  they  yield 
when  set  on  fire.  They  may  be  inflamed  as  they  proceed  from  the 
orifice  of  a  small  pipe,  or  from  between  two  concentric  cylinders  of 
sheet-iron  or  copper,  placed  at  the  distance  of  a  smail  fraction  of  an 
inch  from  each  other.  On  this  principle,  an  Argand's  lamp  may 
be  constructed,  for  burning  the  gases,  which  will  issue  from  that 
space,  commonly  occupied  by  the  wick. 

When  burned  in  either  of  these  modes,  there  is  a  manifest  gra- 
dation in  the  density  and  brightness  of  the  flame.  The  gas  from 
charcoal  burns  with  a  faint  blue  light,  not  suited  to  the  purpose  of 
illumination  ;  that  from  ether  or  alcohol  with  more  brilliancy;  but 
still  short  of  that  with  which  the  coal  gas  burns,  when  recently  pre- 
pared ;  and  the  first  product  of  gas  from  a  given  quantity  of  coal, 
affords  at  least  twice  as  much  light,  as  an  equal  volume  of  the  last 
portions.  The  olefiant  gas  surpasses  them  all,  in  the  quantity  of 
light  evolved  by  its  combustion. 

If  these  gases  be  burned  in  a  vessel  of  oxygen  gas  over  lime- 
water,  by  means  of  a  bladder  and  bent  brass  pipe  (pi.  iv.  fig.  41), 
two  distinct  products  are  obtained,  viz.  water  and  carbonic  acid. 
That  water  is  produced,  may  be  shown  by  burning  a  very  small 
stream  of  this  gas,  under  a  long  funnel-shaped  tube  open  at  both 
ends.  The  formation  of  carbonic  acid  is  evinced,  by  the  copious 
precipitation  of  the  lime-water  in  the  foregoing  experiment. 

The  composition  of  each  of  the  above  gases  is  learned  by  firing 
it,  in  a  detonating  tube  over  mercury,  with  a  known  quantity  of  ox- 
ygen gas;  and  observing  the  nature  and  quantity  of  the  products. 
These  products  are  carbonic  acid  and  water.  The  former  may  be 
exactly  measured  ;  but  the  water  is  generated  in.  such  small  quan- 
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tity,  that  it  can  only  be  computed.    The  following  table  shows  the 
results  of  a  few  experiments  of  this  kind. 

Measures  of  Oxygen  Measures  of  Car- 

Kind  of,  Gas.  Gas  required  to  satu-  borne    Acid     pro- 

rate 10U  Measures.  duced. 

Pure  hydrogen  gas     ...     50  to  54 — 

Gas  from  charcoal       ...     60 35 

coal 190 97.5 

> stagnant  water     .  200 100 

Olefiant  gas 300 200 

Now  since,  for  the  formation  of  each  measure  of  carbonic  acid 
gas,  in  the  foregoing  experiments,  an  equal  volume  of  oxygen  gas 
is  required,  we  may  learn,  by  deducting  the  number  in  the  third 
column  from  the  corresponding  one  in  the  second,  what  proportion, 
of  oxygen  has  been  spent  in  the  saturation  of  the  hydrogen  of  each 
variety  of  hydro-carburet.  Thus,  for  example,  in  burning  the  gas 
from  stagnant  water,  100  measures  of  oxygen  have  been  employed 
informing  carbonic  acid;  and  the  remaining  100  in  saturating  hy- 
drogen. But  100  measures  of  oxygen  are  sufficient  to  saturate  200 
of  hydrogen  gas;  and  a  quantity  of  hydrogen  must  therefore  be  con- 
tained in  100  measures  of  gas  from  stagnant  water  ;  which,  expand- 
ed to  its  usual  elasticity,  would  occupy  200  measures. 

From  these  data,  it  is  easy  to  deduce  the  composition  of  this 
variety  of  carburetted  hydrogen  ;  for  if  its  specific  gravity  be  0.6. 

.     .  grains. 

100  cubic  inches  must  weigh         ...         .  .  \< 


.2 


The    100  cubic  inches  of  carbonic  acid  produced  weigh  47  > 
grains,  and  contain  of  charcoal  .         .  .  C  1; 

Hence  the  hydrogen,  in  100  cubic  inches,  weighs         .      .         5.1 

Or  one  hundred  grains  of  gas  from  stagnant  water  are  compos.- 
edof 

Carbon     ...     72 
Hydrogen     .     .     28 

100 

These  results  are  most  consistent  with  the  opinion  that  this  gas, 
which  may  be  called  simply  carburetted  hydrogen,  is  constituted  of 
one  atom  of  charcoal  and  two  atoms  of  hydrogen. 

Olefiant  gas,  or  sufier-carburetttd  hydrogen,  investigated  in  pre- 
cisely the  same  manner,  is  composed,  in  100  grains, 

According  to  Dr.  Thomson*  of 
Saussure,  jun.  of 

*  37  Phil.  Mag.  260. 


Carbon. 

Hydrogen 

.      85      , 

,     .      15 

86     . 

.      14 
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It  consists,  therefore,  according  to  Mr.  Dalton,  of  one  atom  of 
carbon  and  one  atom  of  hydrogen.  This  would  make  the  weight  of 
an  atom  of  charcoa!  5.66  ;  for  85  is  to  15,  as  5.66  to  1 ;  a  result  which 
coincides,  as  nearly  as  can  be  expected,  with  the  weight  of  the  atom 
of  charcoal,  already  deduced  from  the  composition  of  carbonic  acid, 
viz.  5.65. 

Tne  only  distinct  and  well  characterized  species  of  hydro-carbu- 
ret appear  to  me  to  be  the  olefimt  gas  ;  and  the  gas  from  stagnant 
water.  Of  these,  with  occasionally  a  portion  of  carbonic  oxide,  the 
other  varieties  appear  to  be  mixtures.  The  coal  gas,  for  example, 
which  is  now  so  generally  used  lor  the  purpose  of  affording  light, 
I  have  shown*  to  be  a  mixture  of  at  least  five  others,  the  proportion, 
of  which  varies  at  every  successive  stage  of  the  distillation  of  coal. 
It  has  been  contended,  indeed,  by  Berthollet  and  others,  that  carbon 
and  hydrogen  are  capable  of  uniting  in  a  variety  of  proportions,  not 
only  with  each  other,  but  with  oxygen.  But  there  seems  reason  to 
believe,  from  a  careful  examination  of  all  the  best  experiments  on 
these  compounds,  that  hydrogen  and  carbon  unite  only  in  defi- 
nite firo/iortions,  and  that  these  proportions  are  no  other,  than 
the  two  which  constitute  carburetted  and  suficr -carburet  ted  hydro- 
gen gases. 


CHAPTER  XII. 

SULPHUR. SULPHURIC  ACID. SULPHATES. BINARY  COMPOUNDS 

OF  SULPHUR. 

IN  describing  sulphur  and  its  compounds,  I  shall  take  them  in 
the  following  order  : 

I.  Sulphur  in  its  uncombined  state. 

II.  Sulphur  united  with  its  full  proportion  of  oxygen,  constituting 
sulphuric  acid;  and  the  compounds  of  this  acid  with  alkalis  and 
earths,  termed  sulphates. 

III.  Sulphur  united  with  a  less  proportion  of  oxygen,  composing 
sulphurous  acid;  and  the  compounds  of  this  acid,  called  sul- 
phites. 

IV.  The  compounds  of  sulphur  with  alkalis  and  earths,  termed 
sulphurets. 

V.  The  combination  of  sulphur  and  hydrogen,  named  sulphur- 
etted hydrogen;  and  the  compounds,  which  it  forms  with  alka- 
line and  earthy  bases,  called  hydko-sulphurets. 

VI  The  compound  of  sulphuretted  hydrogen  with  a  still  farther 
quantity  of  sulphur,  composing  super-sulphuretted  hydrogen; 
and  its  compounds  with  different  bases  called  hydroguretteq 
sulphurets,  or  sometimes  sulphuretted-hydro-sulphurets. 

•  Phil.  Trans.  1808. 
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I.  The  sulphur,  which  occurs  as  an  article  of  commerce,  is  a  mi- 
neral production,  and  is  brought  to  this  country  chiefly  from  Sicily. 
That  which  is  produced  in  our  own  island,  is  generally  of  very  infe- 
rior quality,  and  contains  a  portion  of  the  metal,  from  combination 
with  which  it  has  been  separated.  It  is  met  with  under  two  dif- 
ferent forms;  of  a  compact  solid,  which  has  generally  the  shape  of 
long  rolls  or  sticks;  and  of  a  light  powder  called  Jloivers  of  sulphur. 
In  general,  the  latter  may  be  considered  as  most  pure  ;  but  the  two 
varieties,  it  will  presently  appear,  are  readily  convertible  into  each 
other  by  the  modified  application  of  heat.  Its  specific  gravity  is 
1.98  or  1.99. 

II.  Sulphur  is  readily  fused  and  volatilized.  When  heated  to 
170°  of  Fahrenheit,  it  begins  to  evaporate,  and  to  produce  a  very 
disagreeable  smell  ;  at  1 85°  or  190°  it  begins  to  melt ;  and  at  220°  is 
completely  fluid.  If  the  heat  be  rapidly  increased,  it  loses  at  350° 
its  fluidity,  and  becomes  firm,  and  of  a  deeper  colour.  It  regains  its 
fluidity,  if  we  reduce  the  temperature;  and  this  may  be  repeated  at 
pleasure,  in  close  glass  vessels,  if  the  changes  of  heat  be  not  slow ; 
otherwise  it  is  volatilized.     It  sublimes  at  600°. 

III.  If,  after  being  melted,  it  be  suffered  to  cool,  it  congeals  in  a 
crystalline  form,  but  so  confusedly,  that  we  cannot  define  the  shape 
of  the  crystals,  farther  than  that  they  are  slender  interlaced  fibres. 
If  a  large  mass  be  kept  fluid  below,  while  it  congeals  at  the  surface, 
the  crystallization  there  is  much  more  distinct.  When  sulphur  in 
complete  fusion,  -viz.  at  300°,  is  poured  into  water,  it  becomes  tena- 
:ious  like  wax,  and  may  be  applied  (as  is  done  by  Mr.  Tassie)  to 

take  impressions  from  engraved  stones,  8cc.  These  impressions 
are  quite  hard,  when  the  sulphur  has  become  cold.  It  is  then  of  a 
red  colour,  and  of  the  specific  gravity  2.325. 

IV.  At  the  temperature  of  about  290°  Fahrenheit,  sulphur  is  con- 
-verted  into  vapour ;  and  if  this  operation  be  conducted  in  close  ves- 
sels, the  volatilized  sulphur  is  again  collected  in  a  solid  form.  What 
remains  has  been  called  sulfihur  vivum.  This  affords  an  example 
of  the  process  of  sublimation,  which  differs  from  distillation,  in  af- 
fording a  solid  product,  while  the  latter  yields  a  condensed  liquid. 
In  this  mode,  sulphur  may,  in  part,  be  purified  ;  and  its  purification 
is  completed,  by  boiling  it  repeatedly  in  distilled  water ;  then  in  twice 
or  thrice  its  weight  of  nitro-muriatic  acid,  diluted  with  one  part  of 
distilled  water;  and,  finally,  by  washing  it  with  distilled  water,  till 
this  comes  oft"  tasteless,  and  incapable  of  changing  the  blue  colours 
of  vegetables. 

V.  When  flowers  of  sulphur  are  digested  in  alcohol,  no  union 
takes  place ;  but  if  the  two  bodies  be  brought  into  contact,  when 
both  arc  in  a  state  of  vapour,  they  enter  into  chemical  union.  This 
may  be  shown  by  an  ingenious  experiment  of  La  Grange,  the  appa- 
ratus for  performing  which  is  represented  in  the  first  plate  of  his 

rf 
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"  Manual."  Into  a  glass  alembic  (see  the  plates  to  this  work,  fig. 
2)  put  a  little  sulphur;  over  this  suspend  a  small  bottle  filled  with 
alcohol;  and  app y  a  receiver  to  the  pipe  of  the  alembic,  the  head 
being  put  into  its  place.  Lute  the  junctures,  and  apply  a  gentle  heat 
to  the  alembic.  The  sulphur  will  now  be  raised  in  vapour ;  and 
the  vapour  surrounding  the  bottle  of  alcohol,  the  latter  will  be  vola- 
tilized, and  will  meet  in  this  state  the  fumes  of  sulphur.  A  combi- 
nation will  take  place  between  the  two  bodies,  and  sulphurized  al- 
cohol wdl  pass  into  the  receiver.  On  pouring  this  preparation  into 
water,  the  sulphur  will  be  precipitated. 

VI.  Though  it  had  already  been  suspected  (chiefly  from  the  ex- 
periments of  M.  Berthollet,  junior,  described  in  sect  6,  art.  4,  of 
this  chapter)  that  sulphur  contains  hydrogen,  yet  the  first  unequi- 
vocal evidence  of  the  fact  was  furnished  by  Sir  H.  Davy.  A  bent 
glass  tube,  having  a  platina  wire  hermetically  sealed  into  its  upper 
extremity,  was  filled  with  sulphur.  The  $ulphur  was  melted  by- 
heat ;  and  a  proper  connection  being  made  with  the  Voltaic  appa- 
ratus of  5u0  double  plates,  each  six  inches  square  and  highly  charged, 
a  most  intense  action  took  place.  A  very  brilliant  light  was  emitted ; 
t.  sulphur  soon  entered  into  ebullition  ;  elastic  matter  was  evolved 
in  great  quantities;  and  the  sulphur,  from  being  of  a  pure  yellow, 
became  ol  a  dark  reddish  brown  tint.  The  gas  was  found  to  be 
sulphuretted  hydrogen,  or  hydrogen  gas  holding  sulphur  in  solu- 
tion ;  and  its  quantity,  in  about  two  hours,  was  more  than  five  times 
the  volume  of  the  sulphur  employed. 

Another  proof  of  the  presence  of  hydrogen  in  sulphur  is  derived 
from  the  action  of  potassium  ;  for  these  two  bodies  combine  with 
great  energy,  and  evolve  sulphuretted  hydrogen  with  intense  heat 
and  light. 

Lastly,  when  dry  sulphur  is  burned  in  dry  oxygen  gas,  Sir  H. 
Davy  is  of  opinion  that,  besides  sulphuric  acid,  a  portion  of  water  is 
also  formed ;  but  he  is  still  doubtful  whether  the  hydrogen  in  sul- 
phur can  be  considered  as  any  thing  more  than  an  accidental  in- 
gredient.*    This  view  of  the  subject  is  embraced,  also,  by  Berzc- 

•  In  some  of  the  first  experiments  on  this  subject,  Sir  H.  Davy,  finding  Bui- 
phureted  hydrogen  evolved  in  more  than  five  times  the  volume  of  the  sulphur 
employed,  concluded  that  it  tuns  a  constituent  of  the  sulphur.  See  Nichol. 
Jour.  vol.  25.  p.  145.  "  1  have  staled  (says  he)  in  the  last  Bakerian  lecture,  that 
hydrogen  is  produced  from  sulphur  and  phosphorus  in  such  quantities,  by  Voltaic 
electricity,  that  it  cannot  -well  be  considered  as  an  accidental  ingredient  in  these  bo- 
dies." And  in  the  lecture  he  refers  to,  his  language  is  still  stronger ;  "  The  ex- 
istence of  hydrogen  in  sulphur  is  fully  proved,  and  rve  have  no  right  to  consider 
a  substance,  which  can  be  produced  from  it  in  such  large  quantities,  merely  as 
an  accidental  ingredient."  Nich.  Jour.  23.  p.  323.  Now  which  are  we  to  credit*? 
H-  Davy,  Esq.  in  1809,  or  Sir  H-  Davy  in  1812  ?— For  myself,  the  experiments  de- 
tailed by  Davy,  in  conjunction  with  those  of  Mr.  Clay  field,  amply  satisfy  me  that 
hydrogen  is  an  essential  ingredient  in  sulphur.  Dr.  Thomson,  in  his  excellent 
system  of  chemistry,  appears  to  be  equally  satisfied.  Why  Sir  Humphrey 
should  thus  fluctuate  in  opinion,  and  in  deductions  drawn  from  the  same  (and 
those  his  own)  experiments,  I  cannot  imagine ;  excepting  that  at  the  first  named 
period,  he  evidently  inclined  to  a  modification  of  the  phlogistic  doctrines;  but 
this,  his  subsequent  views  opposed ;  the  acquiescence  therefore,  in  the  firts 
opinion  of  the  presence  of  hydrogen,  must  of  consequence  be  given  up!    * 
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lius,t  who  found,  by  healing  sulphur  with  oxide  of  lead,  that  the 
quantity  ot  water  produced,  is  much  too  minute  to  indicate  any  de- 
finite proportion  of  hydrogen  in  sulphur. 

Another  ingredient  of  sulphur,  it  appeared  probable  from  the 
experiments  of  Sir  H.  Dnvy,  is  oxygen.  For  potassium,  after  being 
made  to  act  on  sulphuretted  hydrogen  gas,  evolved  less  hydrogen 
from  water,  than  it  ought  to  have  done.  It  has  since,  however, 
been  proved  by  Gay  Lussac,t  that  when  all  sources  of  fallacy,  are 
avoided,  a  given  weight  of  potassium,  which  has  been  exposed  to 
sulphuretted  hydrogen,  separates  exactly  the  same  volume  of  hy- 
drogen gas  from  water,  as  an  equal  weight  of  recent  metal.  Po- 
tassium, therefore,  acquires  no  oxygen  from  the  sulphur,  which  is 
contained  in  sulphuretted  hydrogen.}: 

VII.  Sulphur  is  inflammable,  and  appears  susceptible  of  two 
distinct  combustions,  which  take  place  at  different  temperatures.§ 
At  140°  or  l5U°vFahrenheit,  it  begins  sensibly  to  attract  oxygen  ; 
and  if  the  temperature  be  raised  to  180°  or  190°,  the  combination 
becomes  pretty  rapid,  accompanied  by  a  faint  blue  light.  But  the 
heat  evolved  is  scarcely  sensible  ;  at  least  it  is  so  weak,  that  the 
sulphur  may  thus  be  burnt  out  of  gunpowder,  and  the  powder  be 
rendered  useless  without  inflaming  it.  At  a  temperature  of  300°, 
its  combustion,  though  still  feeble  compared  wit!)  that  of  some 
other  bodies,  is  much  more  active,  and  accompanied  with  a  redder 
light.  When  set  on  fire  in  oxygen  gas,  it  burns  with  a  very  beauti- 
ful and  brilliant  light  ;  but  of  a  given  quantity  of  oxygen  gas,  it  is 
not  possible  to  condense  the  whole  by  this  combustion,  for  reasons 
which  hereafter  will  be  stated  ;  the  product  of  these  combustions 
when  examined,  will  be  found  to  be  sulphurous  and  sulphuric  acid, 
but  chiefly  the  former,  and  if  water  be  carefully  excluded,  sulphurous 
acid  only  is  formed.  It  is  necessary,  therefore,  in  order  to  produce 
sulphuric  acid,  to  make  the  experiment  over  water. 
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The  properties  of  this  acid  must  be  exhibited  by  a  portion  of 
that  usually  found  in  the  shops.     They  are  as  follows : 

would  perhaps,  (as  Sir  Humphrey  stands  so  high  in  the  chemical  world,)  be 
worth  contrasting  the  numerous  changes  which  this  gentleman  has  evinced  in 
his  scientific  career,  as  an  excellent  beacon  against  too  great  indulgence  in 
speculation  and  theory  in  the  unsettled  state  ot"  facts  themselves.  The  ques- 
tion at  present  is,  does  sulphur  contain  hydrogen  ?  Sir  Humphrey  has  shewn  it 
does;  and  all  the  subsequent  aberrations  from  his  first  opinion,  are  totally  in- 
adequate to  destroy  the  conclusions  he  then  adopted.     C. 

*  79  Ann.  Ch.  119.  f  Ann-  lle  C1,im-  voL  73- 

*  Admitting  these  facts,  we  perceive  in  this  case  another  instance  of  the  fal- 
lacy of  the  opinion  that  oxygen  is  the  principle  of  acidification.  Here,  hy- 
drogen is  effective  in  producing  with  sulphur,  a  gaseous  acid  of  a  peculiar  na- 
ture, without  the  presence  of  any  oxygen ;  the  same  occurs  with  chlorine ; 
and  with  some  other  substances.     C. 

§  For  an  account  of  the  oxides  of  sulphur,  see  Dr.  Thomson's  paper  in 
Nicholson's  Journal,  vi.  101. 
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(a)  Sulphuric  acid  has  a  thick  and  oily  consistence;  as  may  be 
seen  by  pouring  it  from  one  vessel  into  another. 

(b)  In  a  pure  state,  it  is  perfectly  limpid  and  colourless. 

(r)  When  mixed  suddenly  with  water,  considerable  heat  is  pro- 
duced. Four  parts,  by  weight,  of  concentrated  sulphuric  acid,  and 
one  ot  water,  when  mixed  together,  each  at  the  temperature  of 
50°  Fahrenheit,  have  their  temperature  raised  to  300°.  When  an 
ounce  of  water,  has  been  suddenly  mixed  with  three  of  sulphuric 
acid,  and  the  mixture  been  suffered  to  cool  to  the  temperature  of 
the  atmosphere,  an  additional  half  oz.  of  water  raises  it  to  86°,  a 
second  to  96°,  and  a  third  to  104°.*  This  rise  of  temperature 
takes  place,  because  the  affinity  or  capacity  of  the  compound  of 
sulphuric  acid  and  water  for  caloric,  is  less  than  that  of  the  acid 
and  water  separately.  A  diminution  of  bulk  also  ensues ;  that  is, 
one  measure  of  acid  and  one  of  water  do  not  occupy  the  space  of 
two  measures,  but  about  y^th  less.  Owing  to  the  heat  produced 
by  its  admixture  with  water,  the  dilution,  for  ordinary  purposes, 
should  be  conducted  very  gradually ;  and  the  acid  should  be  added 
tof  the  water  by  small  portions  at  once,  allowing  each  portion  to 
cool  before  a  fresh  addition  is  made.  On  the  principle  of  its  at- 
traction for  water  is  to  be  explained,  also,  the  rapid  increase  of 
■weight  which  the  acid  acquires  when  exposed  to  air.  In  one  day, 
three  parts  of  sulphuric  acid,  exposed  to  the  atmosphere,  are  in- 
creased in  weight  one  part ;  and  one  ounce,  by  twelve  months  ex- 
posure, has  been  found  to  gain  an  addition  of  6?. 

(d)  Perfectly  pure  sulphuric  acid  remains  quite  limpid  during 
dilution.  The  sulphuric  acid,  however,  commonly  found  in  the 
shops,  under  the  name  of  oil  of  vitriol,  on  admixture  with  wa- 
ter, deposits  a  white  powder,  in  considerable  quantity,  consisting  of 
various  impurities,  but  chiefly  of  sulphate  of  lead. 

(e)  Sulphuric  acid  is  nearly  twice  as  heavy  as  water.  The  spe- 
cific gravity  of  the  strongest,  that  can  be  obtained,  is  1.850;  but 
even  this  contains  19  (according  to  Dr.  Wollaston,  18.44)  per  cent, 
of  water,  which  appears  essential  to  its  constitution,  and  can  only 
be  separated  by  combining  the  acid  with  a  base.  It  has  been  as- 
certained, by  Mr.  Dalton,  that  acid,  of  nearly  the  maximum  strength, 
has  its  specific  gravity  very  little  altered,  by  adding  or  substracting 
small  portions  of  water.  Thus  acids,  containing  81  and  80  per 
cent,  of  acid,  do  not  differ  more  than  1  in  the  third  place  of  deci- 
mals;  nor  is  the  specific  gravity  proportionally  changed  by  dilution 
till  it  falls  as  low  as  1.78.  The  strength  of  the  more  concentrated 
acid  may  be  better  ascertained,  by  observing  how  much  water  is 
required,  to  bring  it  clown  to  the  specific  gravity  1.78.  The  boil- 
ing point,  also,  Mr.  Dalton  has  discovered,  is  a  much  better  test  of 
its  strength;  and  he  has  constructed  the  following  useful  Table,  in 
which  account  is  taken  of  all  these  circumstances. 

*  Philips  on  the  London  Pharmac.  p.  24. 

■}•  A  very  good  m  'hod  ot  dinning  sulphuric  acid,  is  to  expose  it  in  a  damp 
place.  Its  traction  for  wattr  is  so  gieat,  that  it  very  speedily  acquires  a  large 
proportion.    C- 
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Mr.  Dalton's  Table  of  the  Quantity  of  real  Acid  in  100  Parts  of  Li- 
quid Sulphuric  Acid,  at  the  Temperature  60°  Fahrenheit. 


Atoms 
Acid  Water. 

Real  Acid 

per  cent,  by 

Weight. 

Real  Acid 

per  cent,  by 

Measure. 

Specific 
Gravity. 

Boiling  Point. 

1+  o 

100 

unknown. 

unknown. 

unknown. 

1  +  0 

81 

150 

1.8.iO 

620° 

80 

148 

1.849 

605° 

79 

146 

1.848 

590° 

78 

144 

1.847 

575° 

77 

142 

1.845 

560° 

76 

140 

1.842 

545° 

75 

138 

1.838 

530° 

74 

135 

1.833 

515° 

73 

133 

1.827 

501° 

72 

131 

1.819 

487° 

71 

129 

1.810 

473° 

70 

126 

1.801 

460° 

69 

124 

1.791 

447° 

1+  2 

68 

121 

1.780 

435° 

67 

118 

1.769 

422° 

66 

116 

1.757 

410° 

65 

113 

1.744 

400° 

64 

111 

1.730 

391° 

63 

108 

1.715 

382° 

62 

105 

1.699 

374° 

61 

103 

1.684 

367° 

60 

100 

1.670 

360° 

1+  3 

58.6 

97 

1.650 

350* 

50 

76 

1.520 

290° 

40 

56 

1.408 

260° 

1  +  10 

30 

39 

1.30+ 

240° 

1  +  17 

20 

24 

1.200 

224 

1  +  38 

10 

11 

1.10- 

218 

It  is  sometimes  of  importance  to  the  chemical  artist  to  know  the 
proportion,  not  of  real  acid,  but  of  acid  of  commerce,  in  diluted  sul- 
phuric acid  of  different  specific  gravities.  An  approximation  to  the 
true  proportion  may  be  obtained,  by  increasing  the  numbers,  indi- 
cating the  real  acid,  one  fourth.  For  example,  acid  of  the  specific 
gravity  1.200,  contains,  according  to  the  above  table,  20  per  cent, 
of  real  acid  ;  which,  increased  one  fourth,  gives  25  per  cent,  of  acid 
of  sp.  gr.  1.849.  A  very  copious  Table,  constructed  by  Mr.  Parkes 
from  actual  experiment,  is  given  in  the  40th  volume  of  the  Philo- 
sophical Magazine.  Its  length  only  prevents  me  from  inserting  it 
here  ;  and  the  shorter  Table  of  Vauquelin,  in  the  30th  volume  of 
Nicholson's  Journal,  is  rendered  less  fit  for  the  English  chemist, 
because  the  acid,  employed  in   the  experiments  on   which  it  is 
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founded,  is  inferior  in  density  to  the  average  acid  sold  in  this 
country. 

(/)  Sulphuric  acid,  by  a  sufficient  reduction  of  its  temperature, 
may  be  frozen  ;  and  under  favourable  circumstances,  it  assumes  a 
regular  crystalline  form,  a  considerable  degree  of  solidity  or  hard- 
ness, and  a  density  exceeding  that  which  it  possessed  in  a  fluid 
state.  From  the  experiments  of  Mr.  Kv.ir*  it  follows  that  there  is 
a  certain  point  of  specific  gravity  (viz  1780  to  1000),  at  which  the 
sulphuric  acid  most  readily  congeals;  and  when  of  this  degree  of 
strength  it  requires  even  a  less  degree  of  coid  than  is  sufficient  to 
freeze  water,  us  congelation  taking  place  at  45°  Fahrenheit.  From 
the  specific  gravity  of  1786  on  the  one  hand  to  1775  on  the  other, 
it  freezes  at  32°  Fahrenheit.  It  is  singular  that  it  remains  congeal- 
ed at  a  temperature  higher  than  that  originally  required  for  freez- 
ing it.  Acid,  for  example,  which  did  not  become  solid  till  its  tem- 
perature was  reduced  to  32°,  remains  frozen  at  45°.  When  of  the 
specific  gravity  of  1843,  or  as  nearly  as  possible  of  that  of  commerce, 
it  was  found  by  Mr.  Macnabf  to  freeze  at  —  15°  Fahrenheit;  but 
this  acid,  mixed  with  rather  more  than  half  its  weight  of  water  re- 
quired for  congelation  the  temperature  of  —  36°  Fahrenheit. 

(g)  To  purify  sulphuric  acid,  it  must  be  distilled  in  a  glass  re- 
tort, placed  in  the  sand-bed  of  a  reverberatory  furnace.  This  pro- 
cess is  a  very  difficult  one;  and  an  inexperienced  chemist  should, 
therefore,  not  attempt  it.  To  those,  however,  who  have  the  means 
of  repeating  the  process,  and  sufficient  experience  in  chemical  ope- 
rations, the  following  instructions  may  be  useful ;  especially  as  it  is 
indispensable,  in  all  experiments  of  research,  to  employ  an  acid 
thus  purified. 

The  furnace,  in  which  this  process  is  conducted,  should  have  a 
contrivance  for  supporting  a  sand-bath  within  it  at  a  proper  height; 
and  an  opening  in  the  side,  for  transmitting  the  neck  of  the  retort. 
(PI.  vii.  fig.  62,  63.)  The  retort  must  be  coated  with  clay  and  sand 
over  its  whole  body,  and  also  over  that  part  of  the  neck  which  is 
exposed  to  the  fire.  It  is  then  to  be  placed,  the  coating  being  pre- 
viously dry,  in  the  sand-bath,  about  one  half  filled  with  sulphuric 
acid;  and  a  receiver  must  be  applied  but  not  luted  on.  The  fire 
must  now  be  lighted,  and  raised  with  extreme  camion.  The  first 
portion  that  comes  over,  amounting  to  about  one  sixth,  consists 
chiefly  of  water,  and  may  be  rejected.  This  is  followed  by  the  con- 
centrated acid  ;  and,  at  this  period,  there  is  great  risk  that  the  neck 
of  the  retort  will  be  broken,  by  the  contact  of  the  condensed  acid, 
which  has  a  very  high  temperature,  and  which  frequently  cracks 
the  glass,  as  effectually  as  the  application  of  a  red-hot  iron.  The  fire 
must  be  regulated  by  the  register-door  of  the  ash-pit,  so  that  se- 
veral seconds  may  elapse  between  the  fall  of  the  drops  into  the  re- 
ceiver. The  process  may  be  continued  as  long  as  any  acid  is  con- 
densed. The  retorts,  employed  for  this  purpose,  should  be  most  at- 
tentively annealed. 

•  Philosophical  Transactions,  lxxvii.  267. 
f  Ibid,  lxxvi.  241. 
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Sulphur. 

Oxygen. 

43.28 

56.72 

42.20 

57.80 

42.50 

57.50 

39.92 

60.08 

40  0 

60.0* 

Sulphuric  acid  may  be  less  perfectly  purified  by  diluting  it  with 
an  equal  weight  of  water,  allowing  the  impurities  to  settle,  decant* 
ing  the  clear  liquor,  and  evaporating  it  to  the  proper  degree  in  a 
glass  retort. 

(h)  The  proportion  of  the  elements  of  sulphuric  acid  has  been  in- 
vestigated by  several  chemists.  Bsrthollet  oxygenated  17.846 
parts  of  sulphur  by  nitric  acid,  and  obtained  a  quantity  of  sulphuric 
acid,  which  gave  127  515  parts  of  sulphate  ofbarytes.  Hence  100 
pans  of  sulphur  would  have  formed  230.79  parts  of  real  sulphuric 
acid  (=  about  292  of  densiiy  1.85).  Klaproth,  Richter,  and  Bu- 
cholz  obtained  results  nearly  agreeing  with  each  other.  Berzelius, 
to  avoid  all  fallac)  from  the  hydrogen  contained  in  sulphur,  com- 
bined it,  in  the  first  plsce,  with  lead,  which  like  other  metals,  al- 
ways evolves  much  hyarogen,  and  then  oxygenated  the  sulphuret. 
The  following  Table  exhibits  the  proportions,  deduced  from  differ- 
ent experiments,  in  100  parts  of  real  acid. 


From  the  experiments  of  Berthollet 

Klaproth 

— Bucholz 

Berzelius 

Proportions  admitted  by  Dr.  Wollaston    . 

If  the  proportions  be  taken  at  40  sulphur  and  60  oxygen,  and 
if  the  acid  consists,  as  Mr.  Dalton  supposes,  of  one  atom  of  sulphur 
and  three  atoms  of  oxygen,  the  atom  of  sulphur  will  weigh  15;  for 
as  (6C-j-3=)  20  is  to  40  so  is  7.5  to  1  5  ;  and  the  weight  of  an  atom 
of  sulphuric  acid  will  be  37.5.  Mr.  Dalton's  numbers  are  13  for  the 
atom  of  sulphur,  and  34  for  that  of  sulphuric  acid. 

A  coincidence  has  been  pointed  out  by  Berzelius,  which  is  very 
remarkable,  and  is  deemed  by  him  sufficiently  general,  to  be  ad- 
•  mined  as  a  law  ;  viz.  that  in  any  combination  of  two  oxygenated 
bodies  with  each  other,  the  oxygen  of  the  one  is  either  a  multiple 
or  divisor  of  that  of  the  other,  by  some  simple  number.  Sulphuric 
acid,  of  1850  density,  affords  an  illustration  of  this  principle  ;  for  it 
consists  of  81  real  acid  and  19  water  ;  and  it  will  be  found  that  the 
oxygen  in  the  acid  is,  as  nearly  as  possible,  48  ;  and  the  oxygen  in 
the  water  16,  so  that,  in  this  case,  the  multiple  is  three,  for  16x3 
=48.  Various  other  examples  of  the  same  general  principle  will 
be  given,  in  treating  of  metallic  oxides.  In  all  neutral  compounds 
of  sulphuric  acid  with  alkaline,  earthy,  or  metallic  bases,  the  acid 
contains  a  quantity  of  oxygen,  which  exceeds  that  in  the  base  bv  the 
same  multiple  3. 

(i)  Sulphuric  acid  is  decomposed  at  the  temperature  of  the  atmo- 
sphere, by  inflammable  substances,  and    acquires  a  dark    colour. 

'  Every  step  we  proceed,  evinces  very  clearly,  how  unsettled  are  the  facta, 
upon  which  our  hypotheses  are  founded:  who  would  not  presume,  that  substances 
so  tangible  as  sulphur  and  oxygen,  could  readily  be  estimated  >.  but  if  such  di- 
versity exists  as  to  these,  how  are  we  satisfactorily  to  speculate  on  such  as  light. 
neat,  or  even  hydrogen  !    C.  ° 
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The  addition  of  a  little  brown  sugar,  or  a  drop  of  olive  oil,  to  a  por- 
tion of  the  acid,  imparts  to  it  a  brownish  hue,  which,  in  time,  changes 
to  black  Hence  this  acid  should  always  be  kept  in  bottles  with 
glass  stoppers  ;  for  a  small  bit  of  straw  or  cork,  if  dropped  into  a 
considerable  quantity  of  sulphuric  acid,  changes  it  in  the  manner 
that  has  been  pointed  out. 

(£)  In  high  temperatures,  sulphuric  acid  is  still  farther  decom- 
posed by  combustible  bodits. 

1.  Hydrogen  gas,  brought  into  contact  with  sulphuric  acid,  in  a 
state  approaching  ignition,  decomposes  it,  and  water  and  sulphur- 
ous acid  are  formed.  This,  however,  is  a  most  dangerous  and  diffi- 
cult process,  which  it  is  not  advisable  to  repeat. 

2.  According  to  Gay  Lussac,  sulphuric  acid  is  decomposed  by 
heat  alone,  and  is  resolved  into  two  parts  by  measure  of  sulphurous 
acid  gas,  and  one  of  oxygen  gas.  This  experiment  is  best  per- 
formed by  passing  the  acid  through  a  red-hot  tube  of  glass  or  por- 
celain. 

3.  Sulphur,  by  being  boiled  in  sulphuric  acid,  partly  deoxygen- 
ates  it,  and  converts  a  portion  of  it  into  sulphurous  acid  which  comes 
over  in  a  gaseous  state. 

4.  Into  a  glass  retort,  put  such  a  quantity  of  sulphuric  acid  as 
will  fill  about  one  fourth  part  of  it,  and  add  a  small  portion  of  pow- 
dered charcoal.  On  applying  the  heat  ot  a  lamp,  gas  will  be  pro- 
duced abundantly.  Let  this  gas  be  conveyed  by  a  tube  fixed  to  the 
mouth  of  a  retort,  and  bent  in  the  proper  manner,  into  an  inverted 
jar  of  water  ;  or,  if  it  can  be  had,  into  an  inverted  jar  of  quicksilver 
in  a  mercurial  apparatus.  During  this  operation,  the  carbon  attracts 
part  of  the  oxygen  of  the  sulphuric  acid,  and  forms  carbonic  acid 
gas.  But  the  sulphur  is  not  entirely  disoxygenated  ;  and  a  com- 
pound is  therefore  formed  of  sulphur  and  oxygen,  containing  less 
oxygen  than  the  sulphuric  acid.  This  compound  exists  in  the 
state  of  a  gas,  and  its  properties  may  next  be  examined.  To  avoid, 
however,  the  complication  which  the  admixture  of  carbonic  acid  . 
with  this  new  product  introduces  into  the  experiment,  it  may  be 
proper  to  prepare  it  in  a  mode  less  objectionable,  but  the  rationale 
of  which  cannot  at  present  be  explained.  This  consists  in  dissolv- 
ing two  parts,  by  weight,  of  quicksilver  in  one  of  sulphuric  acid, 
and  boiling  the  mass  to  dryness,  in  the  bottom  of  a  broken  Florence 
flask.  The  dried  mass  is  next  to  be  distilled  in  a  strong  sand-heat; 
a  glass  globe  being  interposed  between  the  retort  and  the  receiving 
mercurial  trough,  to  condense  any  sulphuric  acid  that  may  escape 
decomposition.  (See  pi.  iii.  fig.  31.)  The  gas  thus  obtained  is 
termed,  conformably  to  the  principles  of  the  new  nomenclature,  sub 
fihurous  acid. 


233 

SECTION  III. 

Sulphurous  Acid  Gas. 

Sulphurous  acid  may  be  formed,  also,  1st,  by  burning  sulphur 
at  a  low  temperature  in  common  air,  under  a  glass  bell ;  and  if  slips 
of  linen  cloth,  dipped  in  a  solution  of  potash,  be  exposed  to  the  va- 
pour, the  alkali  forms  a  combination  with  the  sulphurous  acid, 
which  may  afterwards  be  washed  off  and  evaporated.  The  dry  salt, 
distilled  with  liquid  tartaric  acid,  gives  sulphurous  acid  gas. 

2dly.  It  is  formed,  exclusively,  when  sulphur  is  burned  in  dry 
oxygen  gas.  The  gas,  when  restored  to  its  original  temperature, 
is  found  to  be  contracted  ^th  or  -~jth  of  its  bulk  ;  but  this  is  pro- 
bably owing  to  the  hydrogen  contained  in  sulphur,  for  there  is  every 
reason  to  believe  that  oxygen  gas,  by  becoming  sulphurous  acid,  is 
not  at  all  changed  in  volume. 

odly.  It  is  produced,  by  heating  red  oxide  of  mercury  with  one 
fourth  of  its  weight  of  sulphur,  in  the  proportion  of  about  a  cubic 
inch  for  every  five  grains  of  the  oxide. 

Its  properties  are  the  following  : 

(a)  It  has  a  pungent  and  suffocating  smell,  exactly  resembling 
that  which  arises  from  burning  sulphur. 

(6)  It  is  more  than  twice  as  heavy  as  atmospherical  air.  One 
hundred  cubic  inches  are  stated  by  Mr.  Kirwan  to  weigh  70.2 15 
grahs,  which  would  make  its  specific  gravity  2.265.  By  Sir  H. 
Davy,  the  same  volume  is  said  to  weigh  68  grains,  which  would 
give  the  specific  gravity  of  2.23.  According  to  a  calculation  of  Gay 
Lussac,  founded  on  the  proportion  of  its  elements,  its  specific  gra- 
vity should  be  2.30314. 

(c)  Mongc  and  Clouet  assert,  that  if  the  gas  be  exposed  at  the 
same  time,  to  a  temperature  of  31°  Fahrenheit,  and  to  great  pres- 
sure, it  assumes  a  fluid  state. 

(d)  It  extinguishes  burning  bodies  ;  and  kills  animals,  when  re- 
spired. 

(e)  It  has  the  property  of  whitening  or  bleaching  silk,  and  of  giv- 
ing it  lustre. 

(/)  Of  sulphurous  acid,  water  absorbs  33  times  its  bulk,  or  one 
eleventh  of  its  weight,  caloric  is  evolved,  and  the  solution  at  68° 
has  the  specific  gravity  1  0513.  Mr.  Dalton  states  the  quantity  ab- 
sorbed to  be  only  22  times  the  bulk  of  the  water.  From  the  solution, 
when  recently  prepared,  the  gas  may  be  separated  by  heat,  but  not 
by  congelation. 

(.§")  The  watery  solution  does  not  redden  infusion  of  litmus,  as 
acids  in  general  do,  but  totally  destroys  its  colour.  Hence  its  use 
in  bleaching  several  vegetable  and  animal  products.  It  restores 
the  colour  of  syrup  of  violets,  which  has  been  reddened  by  other 
acids.* 

*  Nicholson's  Journal,. xvii.  30": 
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(A)  Sulphuric  acid,  saturated  with  this  gas,  which  may  be  effect- 
ed by  passing  the  gas  through  the  acid,  acquires  a  strong  smell, a 
yellowish  brown  colour,  smokes  when  exposed  to  the  air,  and  has 
the  property  of  assuming  a  solid  form,  by  a  moderate  reduction  of 
its  temperature.  When  distilled,  the  first  product,  which  is  a  com- 
pound of  the  two  acids,  assumes  a  solid  form.  It  has  been  called 
glacial  sulphuric  acid.  It  has  recently,  however,  been  asserted  by 
Vogel,*  that  the  presence  of  sulphurous  acid  is  not  the  cause  of 
the  glacial  quality  of  oil  of  vitriol  ;  and  that,  when  converted  to  this 
state,  by  boding  in  contact  with  sulphur,  it  contains  no  sulphurous 
acid.     The  nature  of  the  change  he  has  not  yet  fully  explained. 

(i)  Sulphurous  acid  is  again  converted  to  the  state  of  sulphuric, 
by  restoring  oxygen  to  it. 

1.  A  mixture  of  oxygen  and  sulphurous  acid  gases,  both  per- 
fectly dry,  and  standing  over  mercury,  is  not  diminished  by  re- 
maining in  contact  with  each  other  during  some  months;  but  if  a 
small  quantity  of  water  be  added,  the  mixture  begins  to  diminish, 
and  sulphuric  acid  is  formed.  The  same  gases  in  a  state  of  mix- 
ture, by  the  action  of  electricity,  or  by  being  driven  through  a  red- 
hot  porcelain  tube,  afford  sulphurjc  acid.  The  proportions  re- 
quired for  mu'ual  saturation  are  two  measures  of  sulphurous  acid 
and  one  of  oxygen  gas. 

2.  To  a  portion  of  water  saturated  with  sulphurous  acid  gas,  add 
a  little  oxide  of  manganese,  a  substance  that  contains  much  oxy- 
gen, loosely  combined.  The  pungent  smell  of  the  water,  and  the 
other  characteristics  of  sulphurous  acid  will  soon  disappear. 

3.  Sulphurous  acid  gas  is  condensed  into  sulphuric  acid  by  ad- 
mixture with  nitrous  gas,  and  also  by  oxy-muriatic  acid  gas;  but 
not  unless  the  gases  are  in  contact  with  water. 

(z)  When  the  temperature  of  sulphurous  acid  gas  is  greatly  re- 
duced, by  surrounding  it  with  a  mixture  of  snow  and  muriate  of 
lime,  it  is  changed  into  a  liquid. 

(X-)  If  sulphurous  acid  gas  and  fresh  muriate  of  tin  are  brought 
into  contact  over  mercury,  the  volume  of  the  gas  is  speedily  di- 
minished, sulphur  is  deposited,  and  the  promuriate  becomes  a  per- 
muriate  of  tin.     (Accum.) 

Both  these  acids  arc  susceptible  of  combination  with  alkalis. 

(/)  It  is  decomposed,  when  submitted  to  the  heat  of  ignition,  in 
contact  with  certain  combustible  bodies.  Thus,  when  a  mixture 
of  sulphurous  acid  and  hydrogen  gases  are  driven  through  a  red- 
hot  porcelain  tube,  the  oxygen  of  the  acid  combines  with  the  hy- 
drogen, and  forms  water,  and  sulphur  is  obtained  in  a  separate 
form.  The  sulphurous  acid  is  decomposed,  also,  when  transmitted 
over  red-hot  charcoal ;  and,  as  appears  from  Gay  Lussac's  experi- 
ment, by  potassium. 

From  the  testimony  of  the  same  chemist  we  learn  that  100  parts 
of  sulphur,  to  become  sulphurous  acid,  unite  with  95  oxygen.  The 
following  Table  shows  the  numbers  derived  from  different  authori1 
ties.     Sulphurous  acid  contains  per  cent. 

*  84  Ann.deChim.  283. 
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Sulphur.  Oxygen. 

According  to  Gay  Lussac     .     .     51.30  .  .  48.70 

Berzelius         .     .     50.03  .  .  49.97 

Thomson         .     .     53.0  .  .  47.0 

The  determination  of  Berzelius,  of  equal  weights  of  its  ingre- 
dients, agrees  best  with  the  specific  gravity  of  the  gas;  for  if  100 
cubic  inches  weigh  68,  and  100  cubic  inches  of  oxygen  34,  the  re- 
maining 34  must  consist  of  sulpbur. 

Its  atomic  constitution,  according  to  Mr.  Dalton,  is  1  atom  of 
sulphur  -f  2  atoms  of  oxygen  ;  and  the  weight  of  its  atom  will, 
therefore,  be  30.  The  combination  of  1  atom  of  sulphur  with  1 
atom  of  oxygen  remains  to  be  discovered ;  and  it  will  probably  ap- 
pear in  the  state  of  an  oxide. 
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Combination  of  Sulfihuric  Acid  with  Alkalis. 
Art.  1. — Sulfihate  of  Potash. 

This  salt  may  be  formed  by  saturating  the  carbonate  of  potash 
with  sulphuric  acid,  and  crystallizing  the  solution.  Its  properties 
are  the  following  : 

(a)  It  crystallizes  in  small  six-sided  prisms,  terminated  by  six- 
siolerl  pyramids  with  triangular  faces.  Its  specific  gravity,  accord- 
ing to  Hassenfratz,  is  2.0473. 

(6)  It  has  a  bitter  taste. 

(c)  It  decrepitates  when  thrown  on  a  red-hot  iron,  or  on  red-hot 
coals,  and  is  volatilized  by  a  strong  heat,  first  running  into  fusion. 
By  a  low  red  heat  it  loses  very  little  of  its  weight,  not  more  than 
one  and  a  half  or  two  per  cent.  Indeed  it  does  not  essentially  con- 
tain any  water. 

(rf)  Water,  at  60°  of  Fahrenheit,  takes  up  only  one  sixteenth  of 
its  weight;  but  boiling  water  dissolves  one  fifth,  or  by  continuing 
the  application  of  heat  even  one  fourth. 

(c)  The  composition  of  this  salt  is  determined  by  the  quantity  of 
sulphate  of  barytes,  which  its  solution  affords  with  any  barytic  salt. 
From  100  parts  of  the  ignited  salt,  dissolved  in  water,  Dr.  Marcet 
obtained  132  of  sulphate  of  barytes,  Berzelius  134.68,  and  Mr.  R. 
Phillips,  136.7.  Hence  the  composition  of  the  salt  (reckoning  the 
acid  in  sulphate  of  barytes  at  33.5  per  cent.)  is, 

Acid.  Base. 

According  to  Dr.  Marcet    ....  44.22  ....  55.78 

Mr  Phillips  ....  45  79  ...  .   54.21 

Bucholz 46  21  ....  53.79 

Dalton     44.70  ....  55  30 

Berard 42.76  ....  5724 

■  Berzelius 45.0  ....  55.0 
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If  the  weight  of  the  atom  of  potash  be  50,  and  that  of  sulphuric 
acid  37.5,  the  determination  of  Berard  would  be  nearest  the  truth; 
but  the  proportions  which  would  best  suit  the  weights  assigned  by 
Mr.  Dalton  (42  for  potash  and  34  for  sulphuric  acid),  are  those  ap- 
proaching to  45  acid  and  55  base.  For  though  some  doubt  may 
exist  as  to  the  precise  weights  of  the  atoms  of  potash  and  sul- 
phuric acid,  it  can  scarcely  be  questioned  that  this  salt  is  composed 
of  one  atom  of  potash  united  with  one  atom  of  acid.  Mr.  Dalton's 
numbers  make  the  weight  of  the  atom  76,  and  the  corrected  ones 
would  increase  it  to  87.5. 

(/)  Sulphate  of  potash  is  decomposed,  in  high  temperatures,  by 
charcoal.  Mix  any  quantity  of  the  salt  with  one  fourth  of  its 
weight  of  charcoal  finely  powdered,  and  expose  the  mixture,  in  a 
crucible,  to  a  strong  heat.  The  carbon  will  unite  with  the  oxygen 
of  the  sulphuric  acid,  and  will  escape  in  the  state  of  a  gas.  What 
remains  is  a  compound,  hereafter  to  be  described,  of  sulphur  and 
potash. 

Sillier-sulphate  of  Potash.* 

When  to  a  saturated  solution  of  sulphate  of  potash  in  boiling  wa- 
ter, we  add  an  excess  of  sulphuric  acid,  the  first  crystals,  which 
are  formed,  contain  a  considerable  excess  of  sulphuric  acid,  not  less 
in  the  whole,  according  to  Bertholletyf  than  55.8  per  cent.  By  con- 
tinuing to  evaporate  the  solution,  we  obtain  successive  quantities 
of  crystals,  which  hold  less  and  less  acid  in  combination.  Thus  the 
second  set,  according  to  the  same  chemist,  contain  only  49.5  per 
cent,  of  acid  ;  and  he  was  therefore  of  opinion,  that  sulphuric  acid 
and  potash  are  capable  of  uniting  in  all  proportions.  It  is  much 
more  agreeable,  however,  to  analogy  to  believe,  that  in  this,  as  in 
all  other  energetic  combinations,  the  proportions  are  limited. 
The  super-sulphate,  it  is  probable,  consists  of  one  atom  of  base 
with  two  atoms  of  acid,  or  of  55  base  -f  90  acid  ;  and  its  composi- 
tion may  be  contrasted  with  that  of  the  sulphate  as  follows  : 
Super  Sulphate  Sulphate 


Potash 38  .  .   100 

Sulphuric  acid    .  62  .  .  164 

100  264 


55    .  .    100 

45    .  .     82 

100  182 


This  salt  has  an  intensely  sour  taste  and  a  powerful  action  on 
blue  vegetable  colours.  One  part  is  soluble  in  two  of  water  at  60°, 
and  in  less  than  an  equal  weight  at  212°.  It  is  insoluble  in 
alcohol. 

Art.  2. — Sulphate  of  Soda. 

(a)  This  salt  forms  regular  octahedral  crystals,  of  a  prismatic 
or  cuneiform  figure ;  the  two  terminating  pyramids  of  which  are 
truncated  near  their  basis. 

*  This  is  the  sal  enixum  of  old  authors.    It  is  employed  for  cleaning  metab 
He  plates  for  various  purposes.    C. 
|  Memoires  d'Arcueil,  ii.  480. 
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(6)  It  has  a  more  bitter  taste  than  the  preceding  sulphate,  and 
melts  more  easily  in  the  mouth. 

(c)  It  swells  upon  a  heated  iron,  in  consequence  of  the  loss  ofits 
water  of  crystallization,  and  a  white  powder  is  left,  amounting  to 
only  about  36  parts  from  100  of  the  original  salt,  or  43.2  according 
to  Bucholz. 

Id)  By  exposure  to  the  atmosphere,  it  effloresces,  and  loses 
weight,  and  with  so  much  quickness,  that  it  is  difficult  to  ascertain 
precisely  its  water  of  crystallization.     Berzelius  states  it  at  56  per 

cent. 

(e)  It  is  very  soluble  in  water,  three  parts  of  which,  at  60°  of 
temperature,  dissolve  one  of  the  salt;  and  boiling  water  dissolves 
its  own  weight. 

(/)  Its  composition  is  inferred  from  the  quantity  of  sulphate  of 
barytes,  obtained  by  decomposing  the  solution  of  a  known  weight 
of  this  salt  by  any  barytic  salt.  Bucholz,  from  1000  grains  of  the 
crystallized  salt  (=  432  deprived  of  water)  obtained  698  of  sul- 
phate of  barytes  ;  and  Berzelius,  from  5  parts  of  the  dry  salt,  pre- 
cipitated 8.16  of  sulphate  of  barytes.  His  experiment,  to  have  cor- 
responded with  that  of  Bucholz,  should  have  given  8.12.  Assum- 
ing the  acid  in  sulphate  of  barytes  to  be  33.5  per  cent.,  100  parts 
of  dry  sulphate  of  soda  (giving  161.3  of  the  barytic  sulphate)  must 
consist  of 

Base     ....     46     ....     100 
Acid     ....     54     ....     117.5 

100 

Mr.  Dalton's  numbers  are  54.8  acid  -f  45  2  base  ;  Dr.  Wollas- 
ton's  56  -f  44;  and  those  of  Berzelius  55.76  +  44.24.  But  which- 
ever of  these  numbers  may  be  adopted,  it  will  be  found  not  incon- 
sistent with  the  opinion,  that  the  salt  is  composed  of  one  atom  of 
base  -j-  one  atom  of  acid. 

The  crystallized  sulphate  consists,  calculating  from  the  data  fur- 
nished by  Berzelius,  of 

Soda  ....  19.36 
Acid  ....  24.64 
Water     .     .     •     56. 


100. 

Art.  3. — Sulphate  of  Ammonia. 

{a)  The  sulphate  of  ammonia  forms  long  flattened  prisms  with 
six  sides,  terminated  by  six-sided  pyramids. 
(l>)  It  slightly  attracts  moisture  from  the  air. 

(c)  It  has  a  cool  bitter  taste. 

(d)  Two  parts  of  water,  at  60°,  take  up  one  of  the  salt,  and  boiling 
water  dissolves  its  own  weight.  During  solution,  it  produces  cold  ; 
and  also  when  mingled  with  powdered  ice,  or  with  snow. 
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(e)  The  sublimed  salt  has  an  excess  of  acid;  a  portion  of  the  base 
being  expelled  by  the  application  of  heat. 

(/)  It  contains,  per  cent.,  according  to  Berzelius, 

Ammonia 22.6 

Sulphuric  acid     .     .     .     53.1 
Water 24.3 


100. 

{g)  It  liquefies,  by  a  gentle  heat, and  is  volatilized.  If  a  stronger 
heat  be  applieu,  it  is  decomposed,* 

(A)  The  pure  fixed  alkalis  potash,  and  soda,  seize  the  sulphuric 
acid,  and  set  at  liberty  the  alkali.  ELnce  a  strong  smell  of  ammonia 
arises  on  the  admixture  of  pure  soda  or  potash  with  this  salt. 

Art    4. — Sulfihace  oj  Barytes. 

Barytes  has  a  powerful  affinity  for  sulphuric  acid  ;  and  the  combi- 
nation of  these  two  bodies  miy  l)e  effected  with  great  facility. 

(a)  To  a  solution  of  pure  barytes,  acid  sulphuric  acid.  A  white 
precipitate  will  appear   which  is  tne  sulphate  of  barytes. 

(A)  The  same  compound  is  formed,  by  adding  sulphuric  acid 
to  carbonate  ot  barytes,  or  to  a  solution  of  muriate  or  nitrate  of 
barytes. 

(c)  T\e  sulphate  of  barytes  is  one  of  the  most  insoluble 
substances,  requiring  for  its  solution  43,000  times  its  weight  of 
water. 

(d)  Barytes  has  a  stronger  affi.iity  than  any  other  body  for  sul- 
phuric acid. 

(r)  Owing  to  these  properties  the  solution  of  pure  barytes,  and 
of  the  nitrate  and  muriate  of  barytes,  are  very  sensible  tests  of  sul- 
phuric acid, and  of  all  its  combinations.  Leta  single  drop  of  sulphuric 
acid  fall  into  a  wine  quart  of  pure  distilled  water.  On  adding  a  few- 
drops  of  one  of  the  foregoing  solutions  of  barytes,  a  precipitation 
will  ensue 

(/)  Sulphate  of  barytes  is  decomposed  by  carbonate  of  potash. 
Boil  the  powdered  sulphate  with  a  solution  of  twice  or  three  times 
its  weight  of  carbonate  of  potash.  The  carbonic  acid  will  pass  to  the 
barytes,  and  the  sulphuric  to  the  potash. 

(g)  By  this  process,  carbonate  of  barytes  may  be  procured,  for 
the  purpose  of  preparing  the  pure  earth,  and  its  various  salts, 
when  the  native  carbonate  cannot  be  had  in  sufficient  abundance. 
The  sulphate  i3  found,  in  considerable  quantities,  accompanying 
lead  ore,  in  Derbyshire  and  other  parts  of  England,  where  it  is 
known  by  the  names  of  cawk,  ponderous  spar,  8cc.  When  applied 
to  the  purpose  of  obtaining  the  carbonate  of  barytes,  it  is  to  be 
finely  powdered,  mixed  with  three  or  four  times  its  weight  of  sub- 
carbonate  of  potash,  and  boiled  with  a  proper  quantity  of  water  for 
a  considerable  time,  in  an  iron  kettle,  stirring  it,  and  breaking  down 
the  hard  lumps,  into  which  it  is  apt  to  run,  by  an  iron  pestle.     It 

*  See  Mr.  Hatchett's  paper  in  Philosophical  Transactions,  1796,  or  Davy's 
Researches. 
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is  then  "to  be  washed  with  boiling  water,  as  long  as  this  acquires 
any  taste.  On  the  addition  of  dilute  muriatic  acid,  a  violent  effer- 
vescence will  ensue,  and  a  considerable  portion  of  the  earth,  pro- 
bably along  with  some  metals,  will  be  dissolved.  To  the  saturated 
solution,  add  a  small  portion  of  pure  ammonia.  This  will  throw 
down  any  metals  that  may  be  present;  and  the  barytes  may  after- 
wards be  precipitated  in  the  state  of  a  carbonate,  by  a  solution  of 
carbonate  of  potash.  Let  the  precipitated  earth  be  well  washed 
with  distilled  water;  and,  if  the  pure  barytes  is  to  be  obtained  from 
it,  let  it  be  treated  as  directed,  chap.  x. 

(A)  Sulphate  of  barytes  is  also  decomposed  when  ignited  with 
powdered  charcoal,  which  abstracts  the  oxygen  of  the  sulphuric 
acid,  and  leaves  a  combination  of  sulphur  and  barytes.  From 
this,  the  barytes  may  be  removed  by  muriatic  acid,  as  already  di- 
rected, and  the  muriatic  solution  be  decomposed  by  carbonate  of 
potash.* 

(i)  The  sulphate  of  barytes,  when  decomposed  by  charcoal,  af- 
fords one  variety  of  solar  phosphorus.  This  phosphorus  has  been 
called,  from  the  place  where  the  sulphate  is  found  from  which  it 
was  first  prepared,  the  Bolognian  phosphorus.  The  native  sul- 
phate, powdered  after  being  ignited,  and  finely  sifted,  is  to  be  form- 
ed into  a  paste  with  mucilage  of  gum  arabic,  and  divided  into  cy- 
linders or  pieces  of  one  fourth  of  an  inch  in  thickness.  These, 
after  being  dried  in  a  moderate  heat,  are  to  be  exposed  to  the  tem- 
perature of  a  wind  furnace,  placed  in  the  midst  of  the  charcoal. 
When  the  fuel  is  half  consumed,  it  must  be  replenished,  and  suf- 
fered to  burn  out.  The  pieces  will  be  found,  retaining  their  origi- 
nal shapes,  among  the  ashes,  from  which  they  may  be  separated 
by  the  blast  of  a  pair  of  bellows.  They  must  be  preserved  in  a  well- 
stopped  phial. 

This  phosphorus,  after  being  exposed  a  few  minutes  to  the 
sun's  rays,  shines  in  the  dark  sufficiently  to  render  visible  the  dial 
of  a  watch.  This  property  is  lost  by  repeated  use,  in  consequence 
of  the  oxygenation  of  the  sulphur  ;  but  may  be  restored  by  a  second 
calcination. 

(£)  Sulphate  of  barytes,  when  artificially  formed  and  calcined, 
contains  in  100  parts, 

According  to  Klaproth      .     .     . 

Mr   A   Aikinf      . 

Mr.  J. Thomson^  . 

Berthollet§      .     . 

Berzelius||  .     .     . 

*  Thenard,  in  his  "  Traite  de  Chimie  Etementaire,"  2,  557,  recommends  the 
decomposition  of  sulphat  of  barytes,  to  form  the  muriat,  to  be  effected  by  cal- 
cjninga  mixture  of  sulphat  of  barytes  and  muriat  of  lime,  equal  parts  of  each  in 
powder.  These  are  exposed  in  a  covered  Hessian  crucible  to  the  heat  of  a  re- 
verberatory  furnace  for  one  hour.  The  mass  is  thrown  into  boiling  water  stirred 
for  some  time  ;  the  liquor  is  then  suffered  to  stand,  and  when  settled  is  decant- 
ed or  filtered,  evaoorated,  and  crystallized.     C. 

f  Nicholson's  Journal,  xxii.  301.         *  Nicholson's  Journal,  xxiii.  174. 

§  Memoires  d'Arcueil, H.  j|  79  Annales  de  Chimie,  138. 


Base. 

Acid. 

66  55 

33  45 

66.04 

33.96 

66  96 

33.04 

66  50 

33.50 

65.69 

34  81 
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The  determination  of  Berthollet,  being  nearly  a  mean  of  three, 
may  be  considered  as  sufficiently  accurate.  Dr.  Wollaston  assumes 
66  parts  of  base  and  34  of  acid,  as  expressing  most  correctly  its 
composition.  The  native  sulphate,  according  to  Klaproth,  is  com- 
posed of  one  third  acid  and  two  thirds  base.*  Its  atomic  constitu- 
tion is  one  atom  of  base  and  one  of  acid.f 

Art.  5. — Sul/i/iate  of  Strontitcs. 

I.  This  salt  resembles,  very  nearly,  the  sulphate  of  barytes.  It 
may  be  formed  in  a  similar  manner,  by  pouring  the  solution  of  pure 
stronlites  into  diluted  sulphuric  acid,  or  into  the  solution  of  an 
alkaline  sulphate  ;  for  it  has  a  stronger  affinity  than  any  of  the 
alkalis  for  sulphuric  acid.  It  is  soluble  in  3840  parts  of  boiling 
water. 

II.  The  sulphate  of  strontitcs  is  also  found  native  in  considera- 
ble quantities ;  chiefly  at  Aust  Passage,  and  at  other  places  in  the 
neighbourhood  of  Bristol.  As  the  native  carbonate  is  now  becom- 
ing scarce,  this  compound  may  be  advantageously  employed  for 
procuring  artificial  carbonate  of  strontites.  The  process  is  pre- 
cisely similar  to  that  already  described  for  decomposing  the  sul- 
phate of  barytes.     (Art.  4.  g.) 

According  to  a  considerable  majority  of  the  chemists  who  have 
analyzed  it,  it  consists  of 

Acid     .     .     .     .     42     .     .     .      100 
Strontites  ...     58     ...     138 


100 


The  accuracy  of  these  numbers  is  admitted  by  Dr.  Wollas- 
ton. But  Vauquelin  has  stated,  that  it  is  composed  of  46  acid  and 
54  base. 

Art.  6.—Sulfiftate  of  Lime. 

I.  The  sulphate  of  lime  is  formed,  by  adding  to  the  carbonate  a 
sufficient  quantity  of  sulphuric  acid  ;  and  by  gently  calcining  the 
residue,  to  expel  the  redundancy  of  the  latter  acid.  It  is  also  found 
native,  in  great  abundance,  under  the  names  of  gypsum,  plaster  of 
Paris,  8cc. 

II.  It  has  the  following  properties  : 

1.  It  is  insipid  and  free  from  smell. 

2.  It  is  difficultly  soluble,  requiring  500  times  its  weight  of  cold 
water,  or  450  of  hot  water, 

3.  It  is  fusible  by  a  moderate  heat.  When  sulphate  of  lime, 
which  has  been  dried  at  160°  Fahrenheit,  is  exposed  to  a  low  red- 

*  Contributions,  i.  377. 

•j-  Both  the  carbonat  and  sulphat  of  barytes  artificially  prepared,  make  beau- 
tiful pigments,  useful  both  as  water  and  oil  colours.    C. 
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heat,  it  loses  22  (according  toBerzelius,  and  Bucholz  21)  per  cent, 
ot  its  weight,  consisting  entirely  of  water.  Alter  calcination,  it  ab- 
sorbs water  rapidly,  and  forms  a  good  cement. 

4.  It  is  decomposed  by  carbonates  of  alkali,  a  double  exchange  of 
principles  ensuing.  Hence  the  milkiness  which  ensues  on  adding 
carbonate  of  potash  to  many  spring  waters  ;  the  carbonate  of  lime, 
which  is  generated,  being  less  soluble  than  the  sulphate.  Hence, 
also,  hard  waters^which  always  contain  sulphate  of  lime  in  solution, 
curdle  soap,  the  alkali  of  which  is  detached  by  the  sulphuric  acid, 
and  the  oil  is  set  at  liberty. 

5.  It  is  decomposed  by  ignition  with  charcoal,  which  separates 
the  oxygen  of  the  sulphuric  acid,  and  leaves  a  combination  of  lime 
with  sulphur. 

By  dissolving  100  grains  of  calcined  sulphate  of  lime  in  boiling 
distilled  water,  and  adding  muriate  of  barytes,  I  obtained  a  precipi- 
tate, which,  when  well  washed,  dried,  and  calcined  in  a  low  red- 
heat,  weighed  175.9.  Hence  100  parts  of  calcined  sulphate  of  lime 
must  contain  very  nearly 

Acid.        Base. 
According  to  the  above   experiment     .     59     .      41 

Thomson  and  Berzelius  .     58     .      42 

Klaproth 57.63       42.37 

. Dalton 58.60        41.40 

It  consists,  therefore,  of  an  atom  of  lime  united  with  an  atom  of 
acid. 

Akt.  7. — Sul/ihate  of  Magnesia. 

I.  When  highly  concentrated  sulphuric  acid  is  suddenly  added 
to  fresh  prepared  and  pure  magnesia,  very  great  heat  and  vapour 
are  excited,  and  are  accompanied  frequently  with  an  extrication  of 
light.     This  appearance  was  first  observed  by  Westrumb. 

II.  If  the  carbonate  of  magnesia  be  added  to  diluted  sulphuric 
acid,  the  carbonic  acid  is  expelled,  and  a  solution  of  sulphate  of 
magnesia  is  formed,  which  crystallizes  on  cooling.  Crystals  of 
sulphate  of  magnesia  may  also  be  procured  in  the  shops,  under  the 
name  of  Epsom  salt. 

III.  These  crystals  have  the  following  properties  : 

1.  They  have  the  form  of  small  quadrangular  prisms,  surmount- 
ed by  quadrangular  pyramids  with  dihedral  summits.*  They  un- 
dergo no  change  by  exposure  to  the  atmosphere. 

2.  At  the  temperature  of  60°,  this  salt  is  soluble  in  an  equal 
weight  of  cold  water,  and  in  three  fourths  its  weight  of  boiling  wa- 
ter, which  thus  receives  an  addition  of  one  fourth  of  its  bulk. 

3.  When  exposed  to  a  low  red-heat,  it  undergoes  the  watery  fu- 
sion, but  is  not  volatilized.  It  loses,  however,  about  one  half  its 
weight,  which  is  water  of  crystallization,  and,  according  to  Berze- 
livs,  a  very  minute  portion  of  acid. 

*  These  crystals  formed  by  spontaneous  evaporation,  may  sometimes  be  ob- 
tained two  inches  in  length,  and  more  than  halt' an  inch  in  breadth.    C'. 

H  h 
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4.  One  hundred  grains  of  sulphate  of  magnesia,  deprived,  by  cal- 
cination in  a  low  red-heat  of  its  water  of  crystallization,  afforded  me 
200  grains  of  sulphate  of  barytes  when  precipitated  by  the  muriate 
of  the  latter  earth.  Hence  100  grains  of  dry  sulphate  of  magnesia 
are  composed  of  67  acid  and  33  magnesia,  and  the  crystallized  salt, 
supposing  it  to  contain  half  its  weight  of  water,  will  consist  in  100 
parts  of 

50       water, 

33.5    sulphuric  acid, 

16.5    magnesia. 

Berzelius,  from  100  grains  of  desiccated  sulphate  of  magnesia, 
obtained  194.3  of  sulphate  of  barytes.  Hence  the  dry  salt  consists 
of  65.1  acid  and  34.9  earth,  and  its  atomic  constitution  is  one  atom 
of  earth  +  one  atom  of  acid. 

5.  Its  solution  is  precipitated  by  carbonates  of  potash  and  of  so- 
da ;  but  not  by  carbonate  of  ammonia,  unless  heat  is  applied.  The 
carbonate  of  magnesia  of  the  shops  is  prepared  by  mixing  together 
concentrated  and  hot  solutions  of  carbonate  of  potash  and  sulphate 
of  magnesia.  The  sulphate  of  potash,  thus  formed,  is  removed  by- 
copious  washing  with  water,  and  the  carbonate  of  magnesia  is  then 
dried.  The  proportions  employed  are  filtered  solutions  of  four 
parts  of  the  crystallized  sulphate,  and  three  of  the  sub-carbonate. 
One  hundred  parts  of  the  desiccated  sulphate  give  about  seven- 
ty-one of  sub-carbonate  of  magnesia,  or  about  31.6  of  the  pure 
earth. 

6.  When  a  dilute  solution  of  carbonate  of  soda  is  mixed  with  a 
dilute  solution  of  sulphate  of  magnesia,  and  the  sub-carbonate  which 
is  formed,  if  any,  is  separated  by  filtration,  crystals  of  carbonate  of 
magnesia,  after  some  time,  shoot  in  the  liquid,  containing  a  larger 
proportion  of  water,  but  no  more  carbonic  acid  than  the  common 
carbonate,  see  chap.  x.  sect.  4.  When  solution  of  pure  ammonia 
is  added  to  that  of  sulphate  of  magnesia,  part  of  the  earth  is  preci- 
pitated. The  rest  remains  in  solution,  and,  by  evaporation,  a  triple 
salt  is  formed,  consisting  of  sulphuric  acid,  magnesia,  and  ammonia, 
and  called  ammoniac o-magnesian  sulphate. 

Art.  8.-—Sulfihate  of  Alumine. 

The  properties  of  this  salt  may  be  exhibited  by  those  of  the 
common  alum  of  commerce;  though,  as  will  afterwards  appear, 
alum  is  not  merely  a  combination  of  this  earth  with  sulphuric  acid; 
but  is  a  triple  salt,  composed  either  of  sulphuric  acid,  alumine,  and 
potash  ;  or  of  sulphuric  acid,  alumine,  and  ammonia.  It  has  the 
following  characters. 

(a)  It  has  a  sweetish  astringent  taste.  Its  specific  gravity  is 
1.71. 

(6)  It  dissolves  in  water,  five  parts  of  which,  at  60°,  take  up 
one  of  the  salt,  but  hot  water  dissolves  about  three  fourths  of  its 
weight. 
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(c)  This  solution  reddens  vegetable  blue  colours  ;  which  proves 
the  acid  to  be  in  excess. 

(d)  When  mixed  with  a  solution  of  carbonate  of  potash,  an  effer- 
vescence is  produced  by  the  uncombined  acid,  which  also  prevents 
the  first  portions  of  alkali,  that  are  added  to  a  solution  of  sulphate 
of  alumine,  from  occasioning  any  precipitate. 

(e)  On  a  farther  addition  of  alkali,  the  alumine  is  precipitated. 

(/)  Sulphate  of  alumine,  when  heated,  swells  up,  loses  its  regu- 
lar form,  and  becomes  a  dry  spongy  mass  ;  but,  according  to 
Vauquelin,*  the  whole  of  its  acid  cannot  thus  be  expelled. 

(,§•)  The  combination  of  sulphuric  acid  with  alumine  is  incapable 
of  crystallizing  without  an  admixture  of  sulphate  of  potash,  which 
forms  a  constituent  of  all  the  alum  of  commerce.  According  to 
Vauquelin,  100  parts  consist  of  49  dry  sulphate  of  alumine,  7  sul- 
phate of  potash,  and  44  water.     Or  100  grains  are  composed  of 


Acid     .     . 

30.52     . 

.     33     . 

.     34.23 

Alumine   . 

10.50     . 

.      12      . 

.      10.86 

Potash 

10.40     . 

9      . 

9.81 

Water 

48.58      . 

.     47     . 

.     46. 

100.00  t  100  {  99.90  § 

The  acid  in  Vauquelin's  estimate,  is  evidently  rated  too  low ; 
for  alum,  when  precipitated  by  muriate  of  barytes,  gives,  as  nearly 
as  possible,  an  equal  weight  of  sulphate  of  barytes,  100  grains  of 
which  contain  33.5  of  sulphuric  acid,  the  quantity,  therefore,  pre- 
sent in  100  parts  of  alum.  According  to  Berzelius,  alum  is  com- 
posed of 

Sulphate  of  alumine    ....     36.85 

potash       ....     18.15 

Water 45. 


100. 


The  oxygen  of  the  potash  being  represented  by  1,  Berzelius 
finds  that  the  oxygen  of  the  alumine  will  be  as  3  ;  that  of  the  sul- 
phuric acid  as  12;  and  that  of  the  water  as  24.  The  salt  con- 
sists, according  to  Mr.  Dalton,  of  one  atom  of  sulphate  of  potash, 
four  atoms  of  sulphate  of  alumine,  and  30  atoms  of  water.  The 
alumine,  he  contends,  does  not  exist  in  the  state  of  super-sulphate, 
but  of  a  saturated  sulphate,  a  salt  composed  of 

Alumine 29.934 

Acid 70.066 


100. 


*  Annates  deChimie,  xxxvii.  91.  f  Vauquelin, 

§  Berzelius.    In  this  there  is  a  deficiency  of  0.1  per  ce 


percent. 


*  Dalloit. 
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A  neutral  sulphate  was  obtained  by  Berzelius,  by  the  following 
process.  11.  decomposed  alum  by  ammonia;  washed  the  precipi- 
tate, and  redissolved  it  in  sulphuric  acid.  To  the  liquor,  alter 
evaporation,  he  added  alcohol,  which  threw  down  a  sulphate  near- 
ly neutral,  and  rendered  perfectly  so,  by  being  washed  whh  further 
portions  of  alcohol. 

(A)  Alum  is  decomposed  by  charcoal,  which  combines  with  the 
oxygen  of  the  sulphuric  acid,  and  leaves  the  sulphur  attached  to 
the  alumine.  A  combination  of  aluminc,  sulphur,  and  charcoal, 
forms  the  pyrophorus  of  Homberg.  To  prepare  this,  equal  parts 
of  powdered  alum  and  brown  sugar  arc  melted  over  the  fire,  and 
are  kept  stirring  till  reduced  to  dryness.  The  mixture,  when  cold, 
is  to  be  finely  powdered,  and  introduced  into  a  common  phial,  coat- 
ed with  clay,  to  which  a  glass  tube,  open  at  each  end,  is  to  be  luted, 
to  allow  the  escape  of  the  gases  that  are  produced.  The  phial 
must  then  be  set  in  the  fire,  surrounded  by  sand,  in  a  crucible.  Gas 
■will  issue  from  the  open  end  of  the  tube,  and  may  be  inflamed  by  a 
lighted  paper.  When  this  ceases  to  escape,  the  crucible  may  be 
removed  from  the  fire,  and  a  little  moist  clay  pressed  down  upon 
the  open  end  of  the  tube,  to  prevent  the  access  of  air  to  the  con- 
tents of  the  phial.'  When  cold,  the  tube  may  be  removed,  and  a 
cork  substituted  in  its  place.  The  principal  difficulty  in  the  pro- 
cess, is  to  stop  it  precisely  at  the  period  when  the  pyrophorus  is 
formed  ;  for  if  the  heat  be  continued  longer,  the  preparation  will 
be  spoiled. 

The  pyrophorus  thus  formed  is  a  black  and  light  powder,  which 
instantly  takes  fire  when  poured  out  of  the  bottle  into  the  air,  and 
inflames  suddenly  in  oxygen  gas.  Sulphate  of  potash  appears  to 
be  essential  to  its  production,  and  hence  the  sulphuret  of  potash  is 
a  necessary  ingredient.  From  the  recent  discoveries  of  Mr.  Davy, 
it  appears  not  improbable  that  this  pyrophorus  may  contain  sul- 
phuret of  potassium.  The  principal  part  of  the  phenomena,  how- 
ever, are  owing  to  the  combustion  of  an  extremely  light  and  finely 
divided  charcoal.* 

Art.  9. — Sulphate  of  Glacine. 

Glucine  combines  readily  with  sulphuric  acid,  both  in  its  pure 
and  carbonated  state.  The  resulting  salt  is  extremely  soluble  ;  in- 
somuch that,  when  evaporated,  it  assumes  the  form  of  a  syrup, 
without  crystallizing.  Its  taste  is  sweet,  and  rather  astringent.  It 
is  decomposed  entirely  in  a  high  temperature,  the  earth  being  left 

*  The  whole  process  of  forming  pyrophorus,  is  well  adapted  to  reduce  the 
potash  in  the  mixture  to  the  state  of  potassium.  The  phenomenon  of  combus- 
tion in  a  damp  atmosphere  appears  to  depend  altogether  on  the  evolution  of  po- 
tassuivt^d  hydrogen  gas,  which  is  spontaneously  fired  by  exposure  to  the  oxy- 
gen of  the  atmosphere.  The  residue  of  the  combustion,  if  mixed  with  a  small 
quantity  of  sulphuret  of  potash,  or  a  solution  of  potash,  and  again  heated  as 
before,  will  re-constitute  an  excellent  pyrophorus.  This  is  worth  attention,  for 
it  saves  a  very  tedious  and  troublesome  preliminary  process.    C. 
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in  a  state  of  purity.  It  is  also  destroyed  by  ignition  with  char- 
coal. It  does  not  yield  its  earthy  ingredient  to  any  of  the  acids ; 
but  is  decomposed  by  all  the  alkalis  and  earths,  alumine  excepted. 

Art.  10. — Sulphate  of  Zircon. 

To  effect  the  combination  of  zircon  with  any  acid,  this  earth 
should  be  fresh  precipitated ;  for,  after  being  dried,  it  enters  with 
difficulty  into  union. 

The  salt,  resulting  from  the  union  of  sulphuric  acid  with  zircon, 
is  white, insoluble,  and  without  taste.  It  is  decomposed  by  a  high 
temperature,  which  expels  the  acid,  and  leaves  the  zircon  pure.  It 
is  not  changed  by  other  acids,  but  yields  its  sulphuric  acid  to  the 
alkalis,  and  to  most  of  the  earths. 

Art.  11.— Sulphate  of  Yttria. 

Sulphuric  acid  readily  dissolves  yttria,  and  caloric  is  evolved 
during  the  process.  As  the  solution  goes  on,  the  sulphate  crystal- 
lizes in  small  brilliant  grains,  which  have  a  sweetish  taste,  but  less 
marked  than  that  of  the  sulphate  of  glucine.  Their  colour  is  a 
light  amethyst  red.  They  require  30  parts  of  water,  of  the  tem- 
perature of  60°,  for  solution,  and  give  up  their  acid  when  exposed 
to  a  high  temperature.  They  are  decomposed  by  oxalic  acid, 
prussiate  of  potash,  infusion  of  galls,  and  phosphate  of  soda. 


SECTION  V. 

Sulphites. 

I.  The  combination  of  sulphurous  acid  with  alkaline  and  earthy 
bases,  may  be  effected  by  passing  the  gas,  as  it  proceeds  from  the 
materials,  (sect.  2,  A,)  through  the  base,  dissolved  or  diffused  in 
water.  An  intermediate  vessel  may  be  placed,  as  represented,  fig. 
SO  and  31,  to  condense  any  sulphuric  acid  that  may  pass  over;  and 
the  solution  of  the  alkali  or  earth  may  be  contained  in  a  bottle  with 
two  necks.  Pure  potash,  soda,  or  ammonia,  are  readily  kept  in  so- 
lution :  but  barytes  or  strontites  must  be  dissolved  in  boiling  wa- 
ter ;  and  the  bottle  containing  them  must  be  surrounded  with  hot 
water,  while  the  gas  is  transmitted  through  the  solution.  The  so- 
lution, when  saturated  with  gas,  may  be  evaporated ;  and  this  is 
best  done  in  an  alembic,  covered  with  its  capital,  because  the  salts 
©f  this  class  are  changed  by  the  action  of  the  atmosphere. 

II.  The  sulphites  have  no  peculiarly  interesting  properties,  that 
can  entitle  them  to  minute  and  specific  description,  in  a  work  de- 
voted solely  to  the  students  of  chemical  science.  I  shall  enume- 
rate, therefore,  only  the  principal  ones ;  and  refer,  for  farther  in- 
formation, to  the  2d  and  24th  volumes  of  the  Annates  de  Chimie,dctul 
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to  Dr.  Thomson's  memoir  in  Nicholson's  Journal,  vi.  94.    Then- 
general  qualities  are  the  following  : 

1.  They  have  a  disagreeable  taste  and  smell,  resembling  the 
fumes  of  burning  sulphur. 

2.  When  heated,  they  emit  sulphurous  acid  and  water,  and  then 
sulphur,  which,  on  the  application  of  an  inflamed  substance,  takes 
fire,  and  burns  violently. 

S.  Exposed  to  the  atmosphere,  in  a  state  of  solution,  or  moist- 
ened with  water,  they  absorb  oxygen,  and  are  slowly  converted 
into  sulphates,  without  undergoing  any  change  in  their  state  of 
neutralization. 

4.  When  added  to  nitric  acid,  red  fumes  arise,  and  the  salts  be- 
come sulphates.  Oxymuriatic  acid  produces  the  same  effect. 
Concentrated  sulphuric  acid  expels  sulphurous  acid  gas,  which  may 
be  collected  over  mercury. 

5.  When  sulphuretted  hydrogen  gas  is  passed  through  a  solution 
of  the  sulphites,  they  combine  with  an  additional  quantity  of  sul- 
phur, and  form  sulphuretted  sulfihites.  Or  when  sulphur  is  boiled 
with  the  sulphites  in  solution,  sulphur  is  taken  up,  and  sulphurous 
acid  escapes.* 

6.  When  perfectly  pure,  sulphites  are  not  precipitated  by  a  solu- 
tion of  pure  barytes  or  strontites,  or  by  any  of  the  salts  with  base 
of  either  of  those  earths.  If  a  precipitation  ensue,  it  indicates  the 
presence  of  a  portion  of  sulphate. 

Sulphite  of  potash  crystallizes  in  the  form  of  lengthened 
phomboidal  plates,  or  of  needles,  which  have  sometimes  a  slight 
yellowish  tinge.  It  has  a  pungent  and  sulphurous  taste,  and  is  so- 
luble in  an  equal  weight  of  cold,  or  in  less  than  an  equal  weight  of 
boiling  water.  At  the  temperature  of  300°  Fahrenheit,  it  loses  only 
about  2  per  cent. ;  but  when  more  strongly  heated,  the  salt  is  de- 
composed, and  sustains  a  loss  of  about  22  per  cent.,  of  which  15  are 
sulphurous  acid,  5  sulphur,  and  2  water.  When  thrown  into  a  red- 
hot  crucible,  a  blue  flame  arises  from  it,  and  its  weight  is  diminish- 
ed in  the  proportion  which  has  just  been  stated.  When  this  solu- 
tion is  exposed  to  the  air,  the  salt  slowly  attracts  oxygen,  and  is 
converted  into  sulphate  of  potash.  This  change  goes  on  more 
rapidly  in  oxygen  gas ;  or  when  it  is  mixed  with  any  substance 
holding  oxygen  in  loose  combination,  as  nitric  or  oxymuriatic  acid. 
It  contains,  in  100  parts,  from  Dr.  Thomson's  experiments, 

43.5  acid 
54.5  potash 
2     water 

100 

Sulphite  of  soda  forms  compressed  tetrahedral  prisms  with 
dihedral  summits.  It  requires  for  solution  less  than  its  own  weight 
of  boiling  water,  or  four  times  its  weight  of  cold  water.     It  efflo- 

*  Gay  Lussac,  85  Ann.  de  Chim.  199. 
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resces  in  the  air,  but  much  less  perfectly  than  the  sulphate  of  soda. 
It  is  composed,  according  to  Dr.  Thomson,  of 

31  acid 
18  soda 
51  water 

100 

Sulphite  of  ammonia  crystallizes  in  hexahedral  prisms  termi- 
nated by  pyramids  with  the  same  number  of  sides,  or  in  rhomboidal 
prisms  with  trihedral  summits.  It  is  soluble  in  an  equal  weight  of 
cold  water,  or  in  less  than  an  equal  weight  of  boiling  water.  It 
deliquiates  in  the  atmosphere,  and  absorbing  oxygen  is  changed 
into  sulphate  of  ammonia,  which  becomes  dry. 

Sulphite  of  barvtes,  like  the  salt  formed  by  uniting  the  same 
base  with  sulphuric  acid,  is  almost  insoluble.  When  united  with 
an  excess  of  sulphurous  acid,  however,  (which  may  be  done  by  dis- 
solving the  white  powder,  that  is  first  formed,  in  liquid  sulphurous 
acid,)  it  forms  a  crystallizable  salt,  still  of  sparing  solubility,  con- 
sisting of 

Base 69.74 

Acid 28.84 

Water   ....       1.42 


100. 

The  solution  of  this  salt  may  be  advantageously  used  to  purify 
the  solution  of  any  sulphite  from  sulphuric  acid,  which  it  precipi- 
tates in  the  state  of  an  insoluble  sulphate  of  barytes. 

Sulphite  of  lime  is  also  insoluble,  but  may  be  crystallized  by 
being  first  dissolved  in  liquid  sulphurous  acid.  In  this  state  it  re- 
quires 800  parts  of  water  for  solution. 

Sulphite  of  magnesia  differs  from  the  sulphate  of  this  earth 
in  being  vastly  less  soluble  in  water,  of  which  it  requires  20  parts 
at  the  common  temperature.  Hot  water  takes  up  a  farther  portion, 
which  is  deposited  on  cooling. 

Sulphite  of  alumine  is  not  crystallizable,  but  has  the  form  of 
a  white  soft  powder,  insoluble  in  water,  but  soluble  in  an  excess  of 
acid.  It  consists,  according  to  Dr.  Thomson,  of 

32  acid 
44  alumine 
24  water 

100 
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Binary   Compounds  of  Sulphur. —  \st,    With  Alkalis. — 2d,  With 
Hydrogen. 

Art.  1. — Sulphurets. 

I.  The  combination  of  sulphur,  with  the  fixed  alkalis  and  earths, 
may  be  formed  by  fusing  together,  in  a  covered  crucible,  equal 
parts  of  sulphur  and  the  respective  alkali  or  earth  with  which  it  is 
to  be  combined.  The  compound  is  to  be  poured,  when  in  a  state 
of  fusion,  into  an  iron  dish,  or  upon  a  smooth  stone  ;  and  preserved 
in  a  well  closed  bottle.  The  compounds  have,  for  the  most  part,  a 
reddish  brow-  or  liver  colour ;  and  hence  were  formerly  called 
hepars  or  livers  of  sulphur.  They  may  be  formed,  also,  by  fusing 
the  alkaline  or  eartny  sulphates  with  powdered  charcoal;  but  in 
this  case,  the  sulphuret  generally  contains  a  portion  of  carbonic 
acid,  and  also  of  charcoal. 

Sulphuret  of  lime,  when  intended  for  the  purpose  of  Canton's 
phosphorus*  is  best  prepared,  by  placing,  in  a  crucible,  alternate 
strata  of  calcined  and  pounded  oyster-shells  and  sulphur;  exposing 
them  to  a  moderate  heat;  and  then  confining  them  in  a  bottle  with 
a  ground  stopper  Or,  according  to  the  original  directions  of  Can- 
ton, three  parts  of  oyster-shells,  calcined  for  about  an  hour  and  pul- 
verised, are  to  be  mixed  with  one  of  sulphur,  and  rammed  tightly 
into  a  crucible,  which  is  to  be  kept  red-hot  for  about  an  hour.  The 
compound,  when  cold,  has  the  properties  already  assigned  to  the 
Bolognian  phosphorus. 

II.  Sulphurets  have  the  following  properties  : 

(a)  In  a  moist  state  they  emit  an  offensive  smell,  and  have  a  dis- 
agreeable taste. 

{b)  Th£y  change  to  green  the  colour  of  violets,  in  the  same  man- 
ner as  uncombined  alkalis. 

(c)  They  blacken  the  skin,  silk,  and  other  animal  substances. 

(cQ  They  are  decomposed  by  all  acids.  Into  a  Nooth's  machine 
put  a  weak  solution  of  sulphuret  of  alkali,  and  pass  through  it 
streams  of  carbonic  acid  gas.  In  the  course  of  a  few  days,  the  sul- 
phur will  be  precipitated,  and  a  carbonate  of  alkali  will  be  obtained. 
This  decomposition  ensues,  instantly,  on  adding,  to  a  solution  of 
sulphuret  of  potash,  any  of  the  stronger  acids,  as  the  sulphuric, 
nitric,  or  muriatic ;  and  we  obtain  a  compound  of  the  alkali  with 
the  respective  acid  employed. 

(e)  The  liquid  sulphurets  absorb  oxygen  gas.  This  may  be 
shown  by  the  experiments  already  described  (chap,  v.)  If  the 
change  thus  effected  be  examined,  it  will  be  found  that  the  oxygen 
has  combined  with  the  sulphur,  and  formed  sulphurous  acid,  which, 
uniting  with  the  alkali,  has  composed  the  sulphite  of  potash. 

(/)  If  dilute  muriatic  be  poured  on  the  solution  of  sulphuret  of 
potash  or  soda,  a  violent  effervescence  will  ensue,  and  a  very  offen- 
sive gas  be  disengaged.  This  gas  may  be  collected  over  water. 
It  is  termed  sulphuretted  hydrogen  gas. 


SECT.  VI.  SULPHURETTED    HYDROGEN.  249 

Art.  2. — Sulphuretted  Hydrogen  Gas. 

This  gas  may  be  procured  : 

1.  By  the  action  of  cliiuted  sulphuric  acid  on  sulphuret  of  iron, 
prepared  in  the  following  manner.  A  bar  of  iron  is  to  be  heated 
to  u  white  or  welding  heal  in  a  smith's  forge,  and,  in  this  state,  is 
to  be  rubbed  with  a  roll  of  sulphur.  The  metal  and  sulphur  unite, 
and  form  a  liquid  compound,  which  falls  down  in  drops.  These 
soon  congeal ;  and  the  compound  must  be  preserved  in  a  well 
closed  phial. 

2.  The  sulphuret,  prepared  by  melting  iron  filings  with  sulphur 
in  a  crucible,  does  not  answer  the  purpose  equally  well,  because 
the  gas,  which  it  affords,  is  mixed  with  a  good  deal  bf  hydrogen 
gas.  So,  also,  is  the  sulphuretted  hydrogen  produced  by  heating 
sulphur  in  hydrogen  gas. 

3.  The  sulphuret  of  potash,  if  prepared  by  boiling  flowers  of  sul- 
phur with  liquid  potash,  quite  free  from  carbonic  acid,  gives  pure 
sulphuretted  hydrogen,  when  acted  upon  by  diluted  sulphuric  or 
muriatic  acid.* 

II.  Its  properties  are  the  following  : 

(a)  Its  smell  is  extremely  offensive,  resembling  that  of  putre- 
fying eggs. 

(6)  it  is  inflammable,  and  burns  either  silently  or  with  an  explo- 
sion, according  as  it  is  previously  mixed,  or  not,  with  oxygen  gas 
or  atmospheric  air.  During  this  combustion,  water  results  from 
the  union  of  the  hydrogen  with  the  oxygen,  and  sulphuric  and 
sulphurous  acids  from  that  of  the  oxygen  and  sulphur.  Two  mea- 
sures require  three  of  oxygen  gas,  one  measure  of  which  saturates 
the  hydrogen,  and  two  the  sulphur. 

When  three  parts  of  sulphuretted  hydrogen  are  mingled  with 
two  of  nitrous  gas,  the  mixture,  on  being  inflamed,  burns  with  a 
yellowish  green  flame. 

(c)  It  tarnishes  silver,  mercury,  and  other  polished  metals,  and 
instantly  blackens  white  paint. 

{d)  It  is  absorbed  by  water,  which  takes  up  its  own  bulk,  or,  ac- 
cording to  Gay  Lussac,  three  times  its  bulk  of  the  gas ;  but  in  or- 
der to  obtain  so  considerable  an  absorption,  the  gas,  submitted  to 
experiment,  should  be  perfectly  pure.  Water  thus  saturated  ac- 
quires the  peculiar  smell  of  the  gas.  It  is  this  gas  which  gives  to 
the  Harrogate,  and  some  other  natural  waters,  their  disagreeable 
odour.  Liquid  muriatic  acid  absorbs  at  least  three  times  its  vo- 
lume;  and  sulphuric  acid,  diluted  with  an  equal  weight  of  water, 
once  and  a  half  its  volume. 

{e)  Water,  saturated  with  this  gas,  reddens  the  infusion  of  vio- 
lets, in  this  respect  producing  the  effect  of  an  acid.  From  this  and 
other  properties,  some  of  the  German  chemists  have  proposed  for 
it  the  name  of  hydrothionlc  acid. 

*  Thenard  recommends  its  preparation,  by  treating,  with  the  aid  of  heat,  sul- 
phuret of  antimony  with  muriatic  acid.     The  sulphuret  reduced  to  powder  is 
pnt  into  an  appropriate  vessel  with  5  or  6  times  its  weight  of  concentrated  acid, 
jaa  is  collected  over  water  or  mercury.    C, 

i  i 
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(/)  Water  impregnated  with  sulphuretted  hydrogen,  when  ex- 
posed to  the  atmosphere,  becomes  covered  with  a  pellicle  of  sul- 
phur. Sulphur  is  even  deposited  when  the  water  is  kept  in  well- 
closed  bottles. 

(g-)  On  the  addition  of  a  few  drops  of  nitric  or  nitrous  acid  to 
the  watery  solution,  sulphur  is  instantly  precipitated.  In  this  case 
the  oxygen  of  the  acid  combines  with  the  hydrogen  of  the  gas, antl 
the  sulphur  is  separated. 

(h)  This  gas,  as  will  afterwards  appear,  is  decomposed  by  mix- 
ture with  oxy-muriatic  acid  gas  ;  and  sulphur  is  precipitated. 

(i)  It  is  decomposed  also  when  kept  in  a  state  of  mixture  with 
atmospheric  air,  the  oxygen  of  which  combines  with  the  hydrogen, 
and  forms  water,  while  the  sulphur  is  precipitated. 

(k)  A  succession  of  electric  explosions  throws  down  sulphur 
from  it,  and  the  volume  of  the  gas  remains  unaltered. 

(/)  When  six  measures  of  sulphuretted  hydrogen  gas  and  five 
measures  of  sulphurous  acid  gas  are  mingled  together,  the  hydro- 
gen of  the  former  unites  with  the  oxygen  of  the  latter,  and  the 
sulphur  of  both  is  precipitated.  But  five  measures  of  sulphurous 
acid  contain  twice  the  oxygen  necessary  for  saturating  six  measures 
of  sulphuretted  hydrogen.  Hence  it  is  probable,  that  the  sulphur 
is  separated  in  the  state  of  an  oxide. 

(?n)  It  is  decomposed  when  passed  over  ignited  charcoal,  and  is 
converted  into  carburetted  hydrogen  gas. 

(n)  Sulphuretted  hydrogen,  both  in  the  state  of  a  gas  and  of  wa- 
tery impregnation,  precipitates  all  metallic  solutions,  excepting 
those  of  iron,  nickel,  cobalt,  manganese,  titanium,  and  molybdena. 

(o)  It  is  copiously  absorbed  by  alkalis,  and  by  all  the  earths,  ex- 
cepting alumine  and  zircon.  These  alkaline  and  earthy  combina- 
tions are  termed  hydro-sulphurets. 

(ft)  When  potassium  or  sodium  is  made  to  act  on  sulphuretted 
hydrogen  gas,  a  brilliant  combustion  lakes  place  ;  a  quantity  of  hy- 
drogen gas  is  evolved,  precisely  equivalent  to  that  which  the  metal 
would  have  separated  from  water;  the  metal  loses  its  lustre,  and 
becomes  greyish,  or  amber  coloured,  or  reddish  ;  and  by  the  ac- 
tion of  diluted  muriatic  acid,  the  whole  of  the  sulphuretted  hydro- 
gen is  recovered.  This  experiment  proves,  that  sulphuretted  hy- 
drogen, and  consequently  sulphur,  contain  no  oxygen  ;  for,  in  that 
case,  the  potassium  would  not,  after  being  acted  on  by  the  gas, 
evolve  the  original  quantity  of  sulphuretted  hydrogen.  All  that  ap- 
pears to  take  place  is,  the  combination  of  the  metal  with  sulphur, 
and  the  formation  of  a  sulphuret  of  potassium  or  sodium,  which  dis- 
engages from  water  exactly  as  much  hydrogen,  as  would  have  been 
evolved  by  the  metal  in  its  separate  slate.  The  results  of  Sir  H 
Davy,  which  are  somewhat  different,  are  satisfactorily  explained  by 
Gay  Lussac  and  Thenard.* 

{(])  The  specific  gravity  of  sulphuretted  hydrogen  gas  has  been 
variously  staled.  Mr.  Kirwan  found  100  cubic  inches,  at  60°  Fah- 
renheit, and  30  inches  barometer,  to  weigh  34.286   grains,  which 

*  Recberches,  i.  202. 
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makes  its  specific  gravity  1.124.  Sir  H.  Davy  states  the  weight  of 
the  same  quantity  at  36.5  grains,  and  its  specific  gravity,  therefore, 
at  1  180.  Gay  Lussac  and  Thenard  determined  its  specific  gravity 
to  be  1.1912;  and  100  cubic  inches  should,  therefore,  weigh  36.33 
grains. 

(?)  Admitting  the  accuracy  of  Sir  H.  Davy's  statement  of  its 
specific  gravity,  and  also  that  100  cubic  inches  of  the  gas  contain 
exactly  the  same  volume  of  hydrogen  (=  2.27  grains,)  then  36.5 
grains  of  sulphuretted  hydrogen  will  contain  2.27  grains  of  hydro- 
gen ;  and  100  grains  will  consist  of 

Sulphur  ....  93.8 
Hydrogen  ...     6.2 

100. 

From  these  data,  which  agree  very  nearly  with  those  of  Berze- 
lius,*  the  weight  of  the  atom  of  sulphur  may  be  stated  at  15  ;  for 
as  6.2  to  93.8  so  is  I  to  15  very  nearly.  The  weight  of  this  atom, 
therefore,  turns  out  to  be  the  same,  whether  investigated  by  its 
combinations  with  oxygen  or  with  hydrogen. 

Art.  3. — HydrO'SulJihurets. 

In  its  union  with  alkaline  and  earthy  bases,  sulphuretted  hydro- 
gen seems  to  perform,  in  a  great  measure,  the  functions  of  an  acid; 
and  presents,  therefore,  an  important  exception  to  the  doctrine  of 
acidification;  for,  in  this  instance,  a  body,  which  contains  no  oxy- 
gen, possesses  some  of  the  most  important  characters  of  an  acid, 
viz.  the  property  of  changing  vegetable  blues  to  red,  and  of  unit- 
ing with  alkalis. 

I.  The  hydro-sulphurets  may  be  formed,  by  transmitting  sulphu- 
retted hydrogen  gas,  as  it  issues  from  the  materials  that  afford  it, 
through  a  solution  of  the  alkaline  or  earthy  base.  Or  the  base, 
when  insoluble,  must  be  kept  suspended  in  water  by  mechanical 
agitation. 

II.  The  hydro-sulphurets  have  several  qualities  common  to  the 
whole  genus. 

1.  They  are  all  soluble  in  water,  and  the  recent  solution  is  co- 
lourless. By  exposure  to  the  air,  however,  it  first  becomes  green, 
or  greenish  yellow,  and  deposits  sulphur  on  the  sides  of  the  vessel. 
The  glass  bottle,  containing  the  solution,  becomes  black  on  its  inner 
surface,  in  consequence  of  the  combination  of  sulphur  with  the  ox- 
ide of  lead  contained  in  the  glass. 

2.  The  solution  of  hydro-sulphuret  of  magnesia  is  decomposed, 
by  heat;  that  of  lime  nearly  so;  but  those  of  potash  and  soda,  though 
rendered  much  more  alkaline  by  heat,  still  contain  a  large  propor- 
tion of  sulphuretted  hydrogen. 

3.  After  long  exposure  to  the  atmosphere,  the  solution  entirely 
loses  its   colour,  and  again   becomes  perfectly  limpid.     When  ex- 

•  81  Ann.  de  Chim.  26. 
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amined,  it  is  found  to  consist  of  a  combination  of  sulphuric  acid 
with  the  peculiar  base  ot  the  hydro-sulphuret.  This  is  owing  to 
the  absorption  of  oxygen,  which  all  hydro-sulphurets  take  from  the 
atmosphere  ;  the  formation  of  a  sulphite  ;  and  the  conversion  of 
this,  by  farther  oxygenation,  into  a  sulphate.  Hence,  wlien  confined 
in  contact  with  a  limited  quantity  of  atmospherical  air,  hydro  sul- 
phurets  effect  a  diminution  of  volume ;  and  may  be  employed  to 
ascertain  its  proportion  of  oxygen.  They  entirely  absorb  pure  oxy- 
gen  gas. 

4.  When  a  hydro-sulphuret,  fully  charged  with  gas,  is  heated 
with  sulphur,  a  strong  effervescence  ensues;  much  of  the  sulphur 
is  dissolved  ;  and  sulphuretted  hydrogen  escapes.  If  the  hydro- 
suiphuret  is  not  fully  saturated,  sulphur  is  still  dissolved,  but  with- 
out any  escape  of  sulphuretted  hydrogen. 

5.  When  an  acid  is  poured  on  any  of  the  hydro-sulphurets,  the 
sulphuretted  hydrogen  gas.  is  disengaged,  and  no  sulphur  is  depo- 
sited. This  non-precipitation  of  sulphur  distinguishes  hydro-sul- 
phurets, both  from  sulphurets  and  hydroguretted  sulphurets.  The 
acid  employed  should  be  one  which  strongly  retains  its  oxygen, 
such  as  the  sulphuric  or  muriatic  ;  otherwise  it  will  be  decompos- 
ed. A  hydro-sulphuret,  which  has  been  a  few  days  exposed  to  the 
air,  yields,  by  this  treatment,  sulphurous  acid  gas,  along  with  sul- 
phuretted hydrogen. 

6  The  solutions  of  hydro-sulphurets  precipitate  all  metallic  so- 
lutions. They  also  precipitate  alumine  and  zircon  from  their  solu- 
tions, but  no  other  earths. 

7.  The  hydro-sulphurets  are,  for  the  most  part,  susceptible  of  a 
regularly  crystallized  form. 

Hydro-sulphuret  of  potash  forms  large  transparent  crystals, 
not  unlike  in  size  those  of  sulphate  of  soda,  but  having  the  shape 
of  four-sided  prisms,  acuminated  with  four  planes;  or  of  six-sided 
prisms,  acuminated  by  six  planes.  It  is  deliquescent,  and  affords 
a  thick  syrupy  liquor,  which  gives  a  green  colour  to  the  skin.  It 
dissolves  readily  in  water  and  alcohol,  producing  cold.  When  di- 
lute acids  are  added  to  the  solution,  a  brisk  effervescence  is  excit- 
ed, but  no  sulphur  is  deposited. 

Hydro  sulphuret  of  soda  is  a  compound,  which  derives  some 
importance  fiom  its  being  produced  along  with  carbonate  of  soda, 
in  several  processes  for  decomposing  the  sulphate  of  soda.*  It  is 
transparent  at  first,  colourless,  and  crystallized  in  four-sided  prisms 
acuminated  by  four  planes.  It  has  an  acrid  and  alkaline  taste, 
which  soon  becomes  very  bitter.  Its  solution  is  colourless,  but 
tinges  the  skin  or  paper  green.  It  effervesces  briskly  with  acids, 
and  no  sulphur  is  deposited,  unless  the  nitric  or  oxymuriatic  acids 
are  added,  which  oxidate  the  hydrogen,  and  throw  down  sulphur. 

Vauquelin  has  proposed  to  distinguish  these  two  sulphurets, 
which  so  closely  resemble  each  other,  by  the  following  test.  The 
hydro-sulphuret  of  potash,  when  added  to  a  solution  of  sulphate  of 


*  Annales  de  Chimie,  lxiy.  59. 
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alumine,  occasions  a  crystallization  of  alum  ;  but  that  of  soda  has 
no  such  action 

Hydro-sulphuret  of  ammonia  may  be  formed  by  the  direct 
mixture  ol  sulphuretted  hydrogen  and  ammoniacal  gases  in  a  dry 
vessel,  cooled  externally  by  ice.  It  is  deposited  in  needle-shap- 
ed crystals.  But,  for  all  practical  uses,  it  is  better  prepared,  by 
putting  a  solution  of  pure  ammonia  into  the  middle  vessel  of  a 
Nooth's  machine,  and  passing  through  it  streams  of  sulphuretted 
hydrogen  gas,  till  the  liquid  acquires  a  yellowish  colour.  In  this 
slate  it  constitutes  the  hepatized  ammonia,  so  strongly  recommend- 
ed by  Dr.  Roiio  is>  :\  remedy  ot  diabetes. 

iJYDRO  SULPHUKETS    OF    BARYTES     AND  STRONTITES  are  Crystal- 

lizeci    salts,  having  a    white  silky    lustre,    and    readily  soluble  in 
water  * 

Hydro  sulphuret  of  lime,  formed  by  transmitting  sulphuret- 
ted hydrogen  through  water,  in  which  lime  is  kept  mechanically 
suspended,  composes  a  crystallizable  salt,  soluble  in  water;  and  hav- 
ing the  general  properties  of  hydro-sulphurets. 

Art    4. — Su/ier- Sulphuretted  Hydrogen,  and  Hydroguretted 
Sul/i/iurets. 

Super-sulphuretted  hydrogen  is  obtained,  when  hydro-sulphuret 
of  potash  is  poured,  by  little  and  little,  into  muriatic  acid.  A  very 
small  portion  only  of  gas  escapes  ;  and  while  the  greater  part  of 
the  sulphur  separates,  one  portion  of  it  combines  with  the  sulphu- 
retted hydrogen  ;  assumes  the  appearance  of  an  oil ;  and  is  deposit- 
ed at  the  bottom  ot  the  vessel.  Or,  dissolve  sulphur  in  a  boiling 
solution  of  pure  potash  ;  and  into  a  phial  containing  about  one  third 
its  capacity  of  muriatic  acid,  of  the  specific  gravity  1.07,  pour  about 
an  equal  bulk  of  the  liquid  hepar.  Cork  the  phial,  and  shake  it ;  the 
hydroguretted  sulphur  gradually  settles  to  the  bottom  in  the  form 
of  a  brown,  viscid,  semifluid  mass.  Its  properties  are  the  follow- 
ing : 

1.  If  gently  heated,  sulphuretted  hydrogen  gas  exhales  from  it; 
the  super-sulphuret  loses  its  fluidity  ;  and  a  residue  is  left,  consist- 
ing merely  of  sulphur. 

2.  It  combines  with  alkalis  and  earths  ;  and  forms  with  them  a 
class  of  substances  called  hydroguretted  sulphurets. 

3.  It  is  constituted,  according  to  Mr.  Dalton,  of  two  atoms  of  sul- 
phur, weighing  30,  with  one  atom  of  hydrogen,  and  consists,  there- 
fore, per  cent,  of 

Sulphur     ....     96.75 
Hydrogen      .     .     .       3.25 


100. 


There  arc,  therefore,  three  distinct  combinations  of  sulphur  and 
its  compounds  with  alkalis  and  earths.  The  first  consist,  simply,  of 

*  See  Annates  de  Chimie,lxii.  181. 
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sulphur,  United  with  an  alkaline  or  earthy  base,  and  are  properly 
called  sulfihureta.  The  second  are  composed  of  sulphuretted  hy- 
drogen, united  with  a  base,  and  are  called  hydro-uulfihurets.  The 
third  contain  super-sulphuretted  hydrogen,  attached  to  a  base,  and 
constitute  hydroguretted  sulphurets. 

The  sulphurets  can  exist,  as  such,  only  in  a  dry  state  ;  for  the 
moment  they  begin  to  dissolve  in  water,  a  decomposition  of  that 
fluid  commences  ;  sulphuretted  hydrogen  is  formed  ;  and  this,  unit- 
ing with  an  additional  proportion  of  sulphur,  composes  super-sul- 
phuretted hydrogen.  This  last,  uniting  with  the  base,  forms  an  hy- 
droguretted sulphuret.  The  sulphurets,  therefore,  are  partly  chang- 
ed, by  soluiion,  into  hydrogurettedsulphurets.  The  solution,  how- 
ever, still  contains  so  large  a  proportion  of  sulphur,  that  we  may 
consider  it  as  composed,  in  part,  of  liquid  sulphuret.  Hence  the 
affusion  of  an  acid  throws  down  a  large  quantity  of  su  plmr.  A  dis- 
tinguishing character,  aiso,  of  solutions  of  this  kind, is  that  sulphur 
is  precipitated  by  passing  through  them  sulphuretted  hydrogen 
gas. 

According  to  Proust,  if  red  oxide  of  mercury  be  added  to  solu- 
tions of  the  kind  which  have  just  been  described,  the  sulphuretted 
hydrogen  is  removed,  and  what  remains  is  a  pure  liquid  sulphuret, 
from  which  acids  precipitate  sulphur  only,  without  any  efferves- 
cence. 

II.  The  hydroguretted  sulphurets  are  also  formed  by  boiling, 
along  with  a  sufficient  quantity  of  water,  the  alkaline,  or  earthy 
base,  with  flowers  of  sulphur.  Thus  a  solution  of  pure  potash, 
pure  soda,  or  of  barytes  or  strontites,  may  be  changed  into  an  hy- 
droguretted sulphuret.  To  prepare  this  compound,  with  a  base  of 
lime,  the  powdered  earth,  mixed  with  sulphur,  may  be  boiled  with  a 
proper  quantity  of  water,  and  the  solution  filtered  or  cleared  by  sub- 
sidence. One  hundred  grains  of  lime  dissolve  about  45  of  sulphur, 
and  afford  a  liquid  of  1.020  specific  gravity. 

The  hydroguretted  sulphuret  of  ammonia  (which  base  cannot,  in 
strictness,  owing  to  its  liquid  form,  compose  a  true  sulphuret)  may 
be  prepared  as  follows  :  Mix  together,  in  a  mortar,  three  parts  of 
hydrat  of  lime,  one  part  of  muriate  of  ammonia,  and  one  of  flowers 
of  sulphur.  Introduce  the  mixture  into  a  retort,  and  apply  a  receiver. 
Begin  the  distillation  with  a  gentle  heat.  The  first  liquor,  that 
comes  over  (long  known  under  the  name  of  Boyle's  Filming  Liquor), 
has  a  light  yellow  tinge,  and  emits  fumes  ;  the  second  has  a  deeper 
colour,  and  is  not  fuming.  When  the  latter  begins  to  appear,  the 
fire  may  be  raised. 

Another  method  of  forming,  by  a  very  simple  process,  the  hy- 
droguretted sulphurets,  consists  in  digesting,  in  a  gentle  heat,  a  hy- 
dro-sulphuret  with  powdered  sulphur,  an  additional  portion  of 
which  is  thus  dissolved,  while  part  of  the  sulphuretted  hydrogen 
escapes. 

Hydroguretted  sulphurets  have  the  following  properties: 

1.  They  have  a  deep  greenish-yellow  colour;  an  acrid  and  in- 
tensely bitter  taste  ;  and  an  excessively  offensive  smell. 

2.  They  deposit  sulphur  when  kept  in  close  vessels  j  become 
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much  more  transparent  and  lighter  coloured ;  and  less  offensive  to 
the  smeil. 

3.  They  rapidly  absorb  oxygen  from  the  atmosphere,  and  from 
oxygen  gas.     Hence  their  employment  in  eudiometry.* 

4  On  the  addition  of  dilute  sulphuric,  or  muriatic,  or  of  cer- 
tain other  acids,  they  are  decomposed.  Sulphuretted  hydrogen  gas 
is  evolved,  and  sulphur  is  precipitated. 

Hydroguretted  sulphurets  of  potash  and  of  soda  differ 
very  liule  Irom  each  other.  They  may  be  formed  by  boiling  solu- 
tions of  pure  potash  or  soda  with  flowers  of  sulphur.  When  very 
concentrated,  they  have  a  deep  reddish  brown  colour,  a  nauseous 
taste,  a  disagreeable  odour,  and  a  soapy  feel,  tinging  the  cuticle 
black.  When  exposed  to  the  air,  a  thin  pellicle  of  sulphur  forms 
upon  their  solutions,  which,  by  sufficiently  long  exposure,  are 
changed  into  sulphates.  When  an  acid  is  suddenly  added,  sulphur 
is  thrown  down,  which  becomes,  when  washed  with  sufficient  wa- 
ter and  dried,  almost  white,  and  constitutes  what  has  been  called 
precipitated  sulphur,  milk  of  sulphur,  or  magistery  of  sulphur. 

Hydroguretted  sulphuret  of  ammonia  may  be  formed  by 
the  process  already  described,  or  by  digesting  hydro-sulphuret  of 
ammonia  with  sulphur,  a  portion  of  which  is  dissolved. 

Hydroguretted  sulphuret  of  barytes  is  obtained  by  boil- 
ing crystals  of  pure  barytes  with  one  fourth  their  weight  of  sul- 
phur and  sufficient  water.  Two  compounds  are  formed,  viz.  an 
hydroguretted  sulphuret,  which  has  a  red  colour,  and  remains  in 
solution  ;  and  colourless  crystals,  which  are  supposed  to  be  a  hy- 
dro-sulphuret of  barytes.     Strontites  forms  similar  compounds. 

Hydroguretted  sulphuret  of  lime  is  formed  by  boiling  hy- 
drate of  lime  with  a  third  its  weight  of  sulphur  and  ten  times  its 
weight  of  water.  The  compound  has  a  deep  orange  colour,  and  is 
of  importance  from  its  application  to  eudiometrical  purposes. 

Suljihuret  of  Carbon^  or  Alcohol  of  Sulphur. 

There  has  been  much  controversy  respecting  the  nature  of  this 
compound  ;  and  several  contradictory  statements  have  been  given  of 
its  composition.  It  was  discovered  by  Larnpadius  in  1796,  and  was 
considered  by  him  as  consisting  of  sulphur  and  hydrogen.  Cle- 
ment and  Desoumes  were  led,  by  their  researches,  to  deny  the 
presence  of  the  latter  element ;  and  to  conclude  that  it  is  a  com- 
pound of  sulphur  and  charcoal.  This  inference  was  afterwards 
controverted  by  Vauquelin  and  by  Berthollet,  jun. ;  but  it  has  been 
proved  correct,  by  the  recent  and  able  investigations  of  Drs.  Ber- 
/.elius  and  Marcet. 

To  prepare  this  substance,  a  coated  earthen  tube,  of  about  one 
inch  and  a  half  in  diameter,  partly  filled  with  small  pieces  of  char- 
coal, may  be  disposed  in  a  furnace  as  represented  fig.  40,  c  c,  one 
end  being  placed  higher  than  the  other.  To  this  end  may  be  adapt- 
ed a  glass  tube,  open  at  both  ends,  containing  small  bits  of  sulphur  ; 
and,   to  the   other  end,  by  means  of  an  adopter,  is  to  be  fixed  a 

*  See  chap.  v.  sect.  4.  f  Phil  Trans.  I0-" 
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curved  tube,  passed  into  water  contained  in  a  two-necked  bottle. 
The  part  of  the  tube,  containing  the  charcoal,  may  then  be  made 
red-hot  ;  and,  when  this  happens,  the  bits  of  suiphur  are  to  be  push- 
ed forwards,  one  by  one,  by  means  of  a  wire,  carefully  excluding  air. 
As  soon  as  the  sulphur  comes  into  contact  with  the  charcoal,  bub- 
bles of  gas  will  be  produced  in  great  abundance,  and  a  vapour  will 
appear,  which  will  condense,  under  the  water  in  the  bottle,  into  a  li- 
quid, of  which,  in  the  course  of  a  day,  about  half  a  pint  may  be  pro- 
cured. This  liquid  may  be  purified  by  redistilling  it  at  a  very 
gentle  heat,  not  exceeaing  100°  or  110°  Fahrenheit ;  and  some  dry 
muriate  of  lime  may  be  put  into  the  retort,  in  order  to  obtain  tne 
fluid  perfectly  free  from  water.  The  liquid  which  comes  over  is 
quite  pure,  and  some  sulphur  remains  in  the  retort. 
The  alcohol  of  sulphur  has  the  following  properties  : 

1.  It  is  eminently  transparent,  and  perfectly  colourless.  Some- 
times, immediately  after  distillation,  the  oily  liquid  appears  a  lktle 
opake  and  milky  ;  but  the  next  day  it  is  found  to  have  become  com- 
pletely limpid.  It  has  an  acrid,  pungent,  and  somewhat  aromatic 
taste ;  its  smell  is  nauseous  and  fetid,  though  differing  from  that  of 
sulphuretted  hydrogen. 

2.  Its  specific  gravity  is  1.272;  its  refractive  power,  as  ascer- 
tained by  Dr.  Wollaston,  is  1.645.  Its  expansive  force  (at  30  in- 
ches barometer,  and  53 £°  Fahrenheit)  is  equal  to  the  pressure  of 
7.36  inches  of  mercury ;  so  that  air,  to  which  it  is  admitted,  will 
dilate  about  one  fourth  of  its  volume.  It  boils  briskly  under  the 
common  atmospheric  pressure,  at  a  temperature  of  105°  or  110® 
Fahrenheit.  It  does  not  congeal,  at  a  temperature  as  low  as  60°, 
below  0  of  Fahrenheit. 

3.  It  is  highly  inflammable,  and  takes  fire  at  a  temperature 
scarcely  exceeding  that  at  which  mercury  boils.  Its  flame  is 
bluish,  and  it  emits  copious  fume-,  of  sulphurous  acid.  If  a  long 
glass  lube,  open  at  both  ends,  be  held  over  the  flame,  care  being 
taken  to  keep  the  tube  quite  cool,  no  moisture  whatever  is  deposit- 
ed on  its  inner  surface,  a  sufficient  proof  of  the  absence  of 
hydrogen. 

4.  The  oily  liquid  readily  dissolves  in  alcohol  and  ether,  though 
not  in  all  proportions,  and  these  solutions  are  decomposed  by  the 
addition  of  water.  It  readily  incorporates  with  fixed  and  volatile 
oils,  and  rapidly  dissolves  camphor.     It  is  not  soluble  in  water. 

5.  In  its  liquid  state,  it  suffers  no  change  on  being  heated  with 
potassium;  but  potassium,  when  heated  in  its  vapour,  becomes  ig- 
nited, and  emits  a  reddish  flame.  The  residue,  when  washed  with 
water,  affords  sulphuret  of  potash  and  charcoal. 

6.  It  does  not  tarnish  mercury  or  its  amalgams,  nor  silver,  un- 
less it  contain  more  sulphur  than  is  essential  to  its  constitution. 

7.  The  alkalis  dissolve  it  entirely,  but  very  slowly.  Of  the 
acids,  none  exert  any  sensible  action  on  it,  but  the  nitromuriatic 
and  liquid  oxymuriatic  acids,  which  occasion  its  decomposition. 

By  an  ingenious  and  well  conducted  series  of  experiments,  Drs 
Berzelius  and  Marcet  determined,  that  the  alcohol  of  sulphur  con- 
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tains  no  hydrogen;  but  that  it  is  a  true  Sulphuret  of  Carron> 
composed  of 

Sulphur  .  .  .  84.83  .  .  .  or  .  .  .   100. 
Carbon    .  .  ..  15.17  ........     17.89 


100.  117.89 

The  above-mentioned  numbers  establish  the  proportion  of  the 
elements  of  this  compound  to  be  two  atoms  of  sulphur  to  one  of 
carbon. 

The  sulphuret  of  carbon  was  found  by  Berzelius  to  be  capable 
of  uniting;  with  alkaline  and  earthy  bases,  and  of  forming  com- 
pounds which  may  be  called  Carbo-Sulfihurets.  But  their  proper- 
ties, and  the  proportion  of  their  elements,  require  further  investi- 
gation. 

Tn  a  subsequent  memoir  in  the  same  volume  of  the  Philosophical 
Transactions,  Dr.  Marcet  describes  the  extraordinary  power  of  al- 
cohol of  sulphur,  in  producing  cold.  The  bulb  of  a  thermometer 
being  covered  with  fine  lint,  and  moistened  with  a  few  drops  of  the 
liquor,  the  mercury  sinks  rapidly  from  60°  to  0,  and  under  the  ex- 
hausted receiver  of  an  air  pump,  from  +  70°,  to  70°  or  even  80° 
below  0,  so  that  by  this  process  mercury  may  readily  be  frozen. 


CHAPTER  XIII. 

combination  of  nitrogen  with  oxygen,  constituting  nitric 

acid, — nitrous    gas, — nitrous   oxide, and    compounds   of 

nitric  acid  with  alkalis. 

WHEN  nitrogen  and  oxygen  gases  are  mingled  together,  in 
whatsoever  proportions  they  are  employed,  no  combination  ensues. 
The  result  is  a  simple  mixture*  of  the  two  gases,  which  do  not, 
like  inelastic  fluids,  separate  on  standing;,  but  remain  diffused 
through  each  other  for  an  indefinite  length  of  time.  This  is  the 
case  with  the  air  of  our  atmosphere ;  and  it  is  fortunate  that  such 
a  provision  of  nature  exists,  since  the  atmosphere  contains  the  ele- 
ments of  several  combinations  which,  if  actually  formed,  would  be 
fatal  to  animal  and  vegetable  life.  When,  however,  either  one  or 
botli  of  these  elements,  in  any  mixture  of  the  two,  is  in  a  condensed 

*  However  different  the  union  of  oxygen  and  nitrogen  gases  may  be  when 
combined  together  in  form  of  atmospheric  air,  compared  to  the  same  in  their 
junction,  as  nitric  acid,  he. — there  can,  I  think,  be  little  doubt  of  the  union 
being  chemical  and  not  mechanical.  Their  condensation  produces  a  change  of 
specific  gravity;  of  itself  sufficient  to  disprove  a  merely  mechanical  effect;  in- 
dependently of  which,  the  chemical  properties  of  the  two  bodies,  are  them- 
seh  es  so  much  modified,  that  it  is  improper  to  conclude  the  effect  to  be  other- 
wise  than  chemical ;  neither  can  they  be  separated  by  mere  mechanical  means, 
and  the  proportions  are  not  incompatible  with  tho^e  of  the  other  com- 
pounds.   C. 
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state,  or  deprived  of  part  of  that  caloric  which  keeps  the  particles 
of  all  gases  at  a  distance  from  each  other,  they  unite  and  form  com- 
pounds, distinguished  by  very  striking  properties.  According  to 
the  proportions  in  which  the  oxygen  and  nitrogen  exist  in  these 
compounds,  their  qualities  undergo  a  remarkable  variation,  so  that 
from  two  elementary  bodies,  variously  united,  we  have  several  com- 
pounds, totally  unlike  each  other  in  external  qualities,  as  well  as 
in  their  chemical  relations. 

Before  describing  the  compounds  of  oxygen  and  nitrogen  in  de- 
tail, it  will  contribute  to  perspicuity  to  take  a  general  view  of  the 
whole!  Some  of  them  exist  essentially  in  an  aeriform  state,  and 
are  capable  of  uniting  with  water  and  other  liquids  in  only  small  pro- 
portion. Others,  again,  combine  with  water  to  such  an  extent,  that 
the  liquid  form  is  the  only  one,  under  which  they  occur  to  our  ob- 
servation. When  entirely  deprived  of  water,  however,  they  are  all 
gaseous  bodies. 

In  a  series  of  the  compounds  of  nitrogen,  founded  on  their  pro- 
portion of  oxygen,  they  occupy  (excluding  atmospherical  air  from 
the  number*)  the  following  order,  the  last  containing  the  largest 
proportion  of  oxygen— nitrous  oxide — nitric  oxide  or  nitrous  gas 
— nitrous  acid  or  nitrous  vapour — and  nitric  acid.  The  two  first 
are  sparingly  soluble  in  water ;  but  the  two  last  unite  with  it 
largely,  and  form  liquid  compounds  of  decidedly  acid  taste  and 
quality. 

The  following  Table  exhibits  the  composition  of  three  of  these 
bodies,  the  calculation  being  founded  on  the  experiments  of  Sir  H. 
Davy,  published  in  his"  Researches."  Oxygen  gas  is  assumed  to 
weigh  33.8  grains,  and  nitrogen,  29.5  for  100  cubical  inches. 

Proportion  of  Proportion  by 

Elements  by  Weight.  Measure. 


.J\ .  . A.. 


Nitrogen.      Oxygen.  Nitr.  gas.        Oxy.  gas, 

Nitrous  oxide     .     63.30         36.70  100.  50.63 


gas    .     .     44.05  55.95  100.  110. 


Nitric  acid      .     .     29.50         70.50  100.  208.60 

From  a  comparison  of  the  third  and  fourth  columns  of  the  fore- 
going Table,  it  is  obvious,  that  in  nitrous  oxide,  the  nitrogen  is,  i:i 
volumes,  very  nearly  double  the  oxygen ;  that  in  nitrous  gas,  the 

*  Upon  the  presumpt'on  that  atmospheric  air  is  strictly  a  chemical  compound 
of  oxygen  and  nitrogen  ;  in  conformity  with  the  nomenclature,  the  names  of  tlie 
various  bodies  constituted  of  these  two  substances  in  different  proportions, 
should  be 

Protoxyd  of  nitrogen  or  Atmospheric  air. 

Dentoxyd  of  do.  Nitrous  oxyd. 

Tritoxyd  of  do.  Nitric  oxyd  (or  nitrous  gas.) 

Nitrous  acid. 

Nitric  acid. 

Oxy  nitric  acid  (if  such  exists.) 
The  difficulty  of  the  subject  is  however  apparent,  by  what  Dr.  Henry  says  in 
the  last  paragraph  of  this  chapter.    C. 
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two  elements  exist  in  almost  equal  volumes ;  and  that  in  nitric  acid, 
the  oxygen  is  a  little  more  than  twice  the  volume  of  the  nitrogen. 
These  coincidences,  and  others  of  the  same  kind,  are  the  founda- 
tion of  the  theory  advanced  by  Guy  Lussac;  viz.  that  compounds, 
whose  elements  are  gaseous,  are  constituted  either  of  equal  volumes 
of  those  elements  ;  or,  that  if  one  of  the  elements  exceeds  the  other, 
the  excess  is  by  some  simple  multifile  of  its  volume.  That  the  pro- 
portions of  nitrogen  and  oxygen  by  measure  do  not,  in  the  forego- 
ing instances,  exactly  conform  to  this  law,  Gay  Lussac  imputes  to 
unavoidable  inaccuracies,  attendant  on  all  delicate  processes  for  de- 
termining the  constitution  of  gaseous  bodies.  In  one  instance,  this 
was  proved  experimentally  ;  for  M.  Berard,  by  the  combustion  of 
potassium  in  100  measures  of  nitrous  gas,  obtained  exactly  50  mea- 
sures of  nitrogen.  Hence,  if  the  table  were  corrected  to  coincide 
with  the  views  of  Gay  Lussac,  it  would  stand  as  follows  : 

Measures  of  100  Grains  contain 

t JL ,  , a ( 

Nitrogen.  Oxygen.  Nitrogen.  Oxygen* 
Nitrous  oxide  consists  of             100         50  63.58       36.42 


gas 100        100  46.60        53.40 

Nitric  acid 100       200  30.40       69.60 

To  these  compounds,  Gay  Lussac  has  added  a  fourth,  which  he 
calls  nitrous  acid  va/iour,  consisting  of  three  volumes  of  nitrous 
gas,  and  one  volume  of  oxygen  gas.  These  are  equivalent  to  1| 
volumes  of  nitrogen  and  2£  volumes  of  oxygen  ;  or  100  parts  by 
weight  of  nitrous  acid  vapour  consist  of 

Nitrogen    ....  34.49  100.  52.5 

Oxygen     ....  65.51  190.  100. 


100.  290.  i52.5 

The  existence,  however,  of  this  compound,  is  not  coincident  with 
the  law  of  definite  proportions ;  for  the  oxygen,  assigned  to  it,  is 
not  a  multiplication  of  that  in  nitrous  oxide,  by  any  entire  num- 
ber, as  will  appear  from  the  following  Table.  The  numbers  ex- 
press the  proportional  weights,  as  inferred  from  the  volumes  of 
Gay  Lussac. 

In  Weight. 

; ^_ 


Nitrogen,  Oxygen. 
Nitrous  oxide  is  composed  of     ...     100         57 

gas ...     100         114 

acid  vapour •     .     .     .     100         190 

Nitric  acid .     .     .     100        223 

In  nitrous  gas,  the  oxygen  is  a  mutiple  by  2  of  that  in  nitrous 
oxide;  and,  in  nitric  acid,  by  4;  but  the  law  fails  with  respect  to  ni- 
trous acid  vapour.  The  constitution  of  nitric  acid  also  does  not  agree 
With  that  deduced  (as  will  appear  in  the  next  beclion)  by  Dr.  Wol- 
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laston  and  Sir  II.  Davy,  according  to  whom  nitric  acid  is  compos- 
ed of  100  nitrogen  and  285  oxygen  by  weight,  the  last  number  being 
a  multiplication  of  57,  (ihe  oxygen  in  nitrous  oxide)  by  5. 

In  all  these  compounds,  the  elements  are  in  a  state  of  condensa- 
tion, except  in  nitrous  gas,  in  which  the  nitrogen  and  oxygen,  ac- 
cording to  Gay  Lussac,  are  precisely  in  the  same  state  ot  density, 
as  in  nitrogen  and  oxygen  gases.  With  respect  to  the  other  com- 
pounds, the  contraction,  he  apprehends,  is  exactly  equal  to  the  bulk 
of  the  oxygen  gas.  For  example,  as  100  measures  of  nitrogen  gas 
and  50  measures  of  oxygen  gas  form  100  of  nitrous  oxide,  the 
condensation  is  50  measures.  On  the  same  principle  100  mea- 
sures of  nitrogen  gas  and  200  of  oxygen  gas  constitute  100  of  nitric 
acid  gas. 

Mr  Dalton,  in  his"  New  System  of  Chemical  Philosophy,"  has 
given  the  following  Table  of  the  Compounds  of  nitrogen  and  oxy- 
gen, which  differs  essentially  from  that  of  Gay  Lussac. 


Nitrous  gas 
Nitrous  oxide 
Nitric  acid 
Oxynitric  do. 
Nitrous  acid 


Weight 
o  an 
Atom. 


12.1 
17.2 
19.1 
26.1 
31.2 


Atoms  of 
Nitr".  Ox" 


1  +  1 

2  +  1 
1+2 

1  +  3 

2  +  3 


100  by  Weight 

contain 

Ni  :"   Ox". 


42.1+57.9 
59.3  +  40.7 
26.7+73  3 
19.5-J-8  ".5 
32.7  +  67.3 


100  by  Measure 

contain 

Nitr".  Ox". 


48.   +56.6 
99  1  +  58.3 
30.   +70. 
22.1+77.9 
36.2+63.8 


The  proportions,  by  weight  and  volume,  of  the  ingredients 
of  the  nitrous  compounds,  calculated  from  the  fourth  column  of 
the  foregoing  Table,  and  reduced  to  a  common  standard,  are  as 
follow : 


In  Weight. 

__— A 


In  Volume. 
A. 


Nitrous  oxide 

gas  . 

acid 


Nitrogen.  Oxygen.  Nitrogen.  Oxygen. 


Nitric  acid 
Oxynitric  acid 


100. 
100. 
100. 
100. 
100. 


68.6 
138. 
206. 

274.5 
413. 


100. 
100. 
100. 

100. 
100. 


60 
120 
182 
240 
360 


From  an  examination  of  the  numbers  in  the  last  Table,  it  will 
appear  that  the  oxygen,  in  nitrous  gas,  is  very  nearly,  both  in  weight 
and  volume,  a  multiple  of  that  in  nitrous  oxide  by  2  ;  in  nitrous  acid 
by  3;  in  nitric  acid  by  4;  and  in  oxynitric  acid  by  6.  The  last- 
mentioned  compound,  however,  Mr.  Dalton  has  never  obtained  in 
a  separate  form;  and  its  existence  may  be  considered  as  not  suffi- 
ciently established. 

On  the  whole,  it  appears,  that  the  compounds  of  nitrogen  and 
oxygen  require  further  investigation,  to  reconcile  the  discordant 
statements  of  philosophers,  on  a  subject,  respecting  which  certain- 
ty appears  to  be  by  no  means  unattainable. 
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Nitric  Acid. 

I.  The  direct  combination  of  nitrogen  and  oxygen,  affording  a 
decisive  synthetic  proof  of  the  nature  of  this  acid,  may  be  effected 
by  passing  electric  sparks  through  a  mixture  of  nitrogen  and  oxy- 
gen gases.  The  experiment  is  an  extremely  laborious  one,  and  re- 
quires, for  its  performance,  a  powerful  electrical  machine  ;  but 
those  who  are  disposed  to  repeat  it,  may  proceed  as  follows  : 

Let  the  tube,  fig.  84,  c,  be  filled  with,  and  inverted  in  mer- 
cury. Pass  into  it  a  portion  of  atmospherical  air,  or  an  arti- 
ficial mixture  of  nitrogen  and  oxygen  gases,  in  the  proportion 
of  one  of  the  former  to  two  of  the  latter.  Let  an  iron  wire,  lengthen- 
ed out  with  one  of  platina,  be  introduced  within  the  tube,  so  that 
the  latter  metal  only  may  be  in  contact  with  the  mixed  gases  ;  and 
let  the  end  of  this  wire  be  distant  about  one  fourth  of  an  inch  from 
the  extremity  of  the  upper  conducting  one.  When  the  apparatus 
is  thus  disposed,  pjiss  a  series  of  electric  sparks  or  shocks  through 
the  gases  for  several  hours.  The  mixture  will  be  diminished  in  bulk; 
will  redden  litmus-paper  when  enclosed  in  it ;  and  will  exhibit 
distinctly  the  smell  of  nitrous  acid.  If  the  experiment  be  repeated, 
with  the  addition  of  a  few  drops  of  solution  of  potash,  in  con- 
tact with  the  gases,  we  shall  obtain  a  combination  of  nitric  acid 
with  potash. 

This  interesting  experiment  on  the  generation  of  nitric  acid  we 
owe  to  Mr.  Cavendish,  who  discovered  the  fact  in  the  year  1785.* 
The  proportions,  which  he  found  to  be  necessary  for  mutual  satura- 
tion, were  five  parts  of  oxygen  gas  and  three  of  common  air,  or  se- 
ven parts  of  oxygen  gas  to  three  of  nitrogen  gas.  No  evolution 
either  of  light  or  heat  attends  this  combination,  which  is  very  slowly 
and  gradually  effected. 

Another  synthetic  proof  of  the  production  of  nitric  acid  will  be 
stated  under  the  article  nitrous  gas.  It  is  furnished  by  the  genera- 
tion of  nitrous  gas,  and  ultimately  of  nitric  acid,  when  ammonia  is 
brought  into  contact  with  the  black  oxide  of  manganese. 

For  all  purposes  of  utility  or  experiment,  however,  nitric  acid  is 
prepared  in  a  different  manner,  viz.  by  the  decomposition  of  nitrate 
of  potash,  in  a  way  which  will  be  described  in  the  section  on  that 
salt. 

II.  The  analysis  of  the  nitric  acid  may  be  obtained  by  driving  its 
vapour  through  a  red-hot  porceiain  tube,  (fig.  40,  c  c,)  and  receiv- 
ing the  generated  gases,  which  prove  to  be  a  mixture  of  nitrous 
acid,  oxygen,  and  nitrogen  gases. 

III.  The  nitric  acid  has  the  following  properties  : 

(a)  It  is  heavier  than  water,  in  the  proportion  of  1.5  or  upwards 
to  1.     Proust  obtained  it  as  high  as  1.62;  and  the  specific  gravity 

*  Philosophical  Transactions,  lxxv. 
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of  real  nitric  acid,  which  cannot,  however,  be  obtained,  may  be  cal- 
culated at  1.75. 

In  its  heaviest  form,  it  still  contains  a  portion  of  water,  which  is 
essential  to  its  existence  in  a  liquid  state, and  without  which  its  ele- 
ments would  separate  from  eacli  other.  In  acid  of  the  sp.  gr.  1.50, 
it  amounts,  calculating  from  the  data  furnished  by  Dr.  VVollaston, 
to  25.1 1  grains  in  100  grains  of  acid. 

Pure  nitric  acid  may  be  considered  as  a  gaseous  body,  of  the 
specific  gravity,  compared  with  common  air,  of  2440  :  one  hundred 
cubic  inches  at  55°  Fahrenheit  and  under  30  inches  pressure, 
weigh,  according  to  Sir  H.  Davy,  76  grains  ;  or  corrected  to  the 
temperature  of  60°  Fahrenheit,  they  weigh  75.21  grains.  The  li- 
quid acid  (termed  by  Davy  hydro  nitric  *  acid)  consists  of  this  gas 
condensed  by  water,  of  which  it  contains  various  proportions.  We 
have  not,  however,  at  present,  documents  sufficient  for  the  con- 
struction of  an  accurate  Table  of  the  quantities  of  real  nitric  acid  in 
acids  of  different  densities.  According  to  Sir  H.  Davy,  the  strong- 
est acid  (sp.  gr.  1.55)  contains  14.4  parts  of  water  in  100;  and  acid 
of  sp.  gr.  1-42  contains  25.2  of  water  in  lOO.f  The  Table  pub- 
lished by  Mr.  Dal  ton  \  that  philosopher  has  since  found  reason  to 
believe  to  be  inaccurate  ;  but  on  the  following  results,  which  he  has 
been  so  good  as  to  communicate  to  me,  he  thinks  full  reliance  may 
be  placed. 

Table  of  the  quantity  of  real  Acid  in  Nitric  Acid  of  different 
densities. 


Parts  o 

Parts  of 

Acid  per  ct. 

Acid  per  ct. 

Specific 

Acid. 

Water. 

by  weight. 

by  measure. 

Gravity. 

45 

+ 

8 

84.9 

137.5? 

1.62? 

45 

+ 

16 

73.8 

1  14.4? 

1.55? 

45 

+ 

24 

65.2 

96.4 

1.48  -f 

45 

+ 

32 

58.4 

84. 

1.44 

45 

+ 

40 

53. 

74.7 

1.41 

45 

+ 

48 

48.4 

67.2 

1.39 

45 

+ 

56 

44.5 

60.5 

1.36 

45 

+ 

64 

41  3 

55.3 

1.34 

45 

+ 

180 

20. 

22.8 

1.142 

*  This  term  (hydro)hzs  become  a  favourite  adjunct  by  many  late  writers  to 
the  class  of  acids ;  distinguishing  thereby  the  real  solid  (if  I  may  so  say)  acid, 
from  that  which  is  united  with  -Miter:  in  other  words,  that  part  alone  which  isef- 
fective  in  saturating  the  alkalies  or  other  bases.  The  term,  hi^h  as  is  the  autho- 
rity  by  whom  it  is  employed,  is  in  my  opinion  altogether  inadmissible ;  at  least, 
until  we  alter  the  meaning  of  the  same  term  as  applied  to  other  bodies.  Thus 
we  have  hydro-sidphuret  of  potash,  soda,  &c. ;  but  the  term  hydro,  here,  implies 
the  union  of  hydrogen,  not  of  water ;  and  we  have  already  too  much  confusion 
creeping  into  the  science,  by  the  extensive  coinage  of  new  names,  (and  those  not 
always  confirmed  by  experience,)  to  tolerate  the  same  term  as  applied  to  distinct 
substances-     C. 

f  Elements,  p.  265. 

*  New  System,  p.  355. 
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(6)  Pure  gaseous  nitric  acid,  according  to  the  experiments  of 
Sir  H.  Davy,  published  in  the  year  1800,  is  composed  in  100  grains, 
of  29  i  azote,  and  70$  oxygen.  This  approximation  differs  but  lit- 
tle from  the  proportions  deducible  from  the  synthetic  experiments 
of  Cavendish,  viz.  27.8  nitrogen  to  72  2  oxygen.  The  latter  results 
qf  Sir  H.  Davy  have  led  him,  however,  to  believe,  that  4  in  volume 
of  nitrous  gas  and  2  of  oxygen  gas,  when  condensed  in  water,  ab- 
.sorb  1  in  volume  of  oxygen,  to  become  nitric  acid.  Now,  esti- 
mating the  oxygen  gas,  existing  in  nitrous  gas,  at  one  half  its  vo- 
lume, and  taking  the  specific  gravities  of  oxygen  and  nitrogen  gases 
at  the  numbers  already  given,  100  parts  by  weight  of  nitric  acid 
will  consist  of 

Oxygen 74. 13 286. 

Nitrogen 25.87 100. 

100.  386. 

In  investigating  what  number  should  be  used  as  the  equivalent 
of  nitric  acid,  Dr.  Wollaston  was  led  to  inquire  into  the  composi- 
tion of  that  acid ;  and,  from  his  own  experiments  and  those  of 
Rlchter,  he  infers  the  oxygen,  which  nitric  acid  contains,  to  be  by 
weight  to  the  nitrogen,  as  50  to  17.54.  Hence  nitric  acid,  as  it  ex- 
ists in  nitre,  will  be  composed,  by  weight,  of 

Oxygen 74.03 100 285. 

Nitrogen 25.97 35 100. 


100.  135.  385. 

By  an  easy  calculation,  it  will  be  found  that  the  nitrogen,  in  100 
grains  of  nitric  acid  thus  constituted,  is  equal  in  volume  to  88  cu- 
bic inches,  and  the  oxygen  to  219.  But  as  88  to  219,  so  is  100  to 
249 ;  and  on  this  view  of  the  nitric  acid,  it  is  composed  of  1  vo- 
lume of  nitrogen  and  2i  of  oxygen,  which  agrees  with  the  result  of 
Sir  II.  Davy.  These  proportions  are  favourable  to  the  opinion,  that 
nitric  acid  consists  of  two  atoms  of  oxygen  to  one  of  nitrogen  ;  For 
as  75  to  25,  so  is  15  (twice  7.5)  to  5,  the  number  already  deduced 
from  the  analysis  of  ammonia,  as  representing  the  weight  of  the 
atom  of  nitrogen.  It  must  be  acknowledged,  that  there  is  some 
uncertainty  respecting  the  weight  of  the  atom  of  that  element.  Dr. 
Wollaston  deduces  its  equivalent  (oxygen  being  10)  to  be  17.54; 
and  hence  the  atom  of  nitrogen  will  bear  to  that  of  oxygen  the  pro- 
portion of  1315  to  7.5  ;  and  nitric  acid,  according  to  this  view,  will 
consist  of  5  atoms  of  oxygen  =.  37.5,  and  1  atom  of  nitrogen  = 
13.15  ;  and  its  atom  will  weigh  50.20.  Farther  investigation  must 
determine,  which  of  these  views  is  most  conformable  to  truth. 

(c)  Hydro-niuic  acid  is  perfectly  limpid  and  colourless,  and  emits 
white  fumes,  when  exposed  to  the  air. 

(d)  It  gives  a  yellow  stain  to  the  skin. 

(e)  It  boils  at  248°  Fahrenheit,  and  maybe  distilled  over,  with- 
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out  any  essential  change.  This,  however,  is.  true  only  of  acid  of 
the  specific  gravity  1.42  ;  for  an  acid,  weaker  than  this,  is  strength- 
ened hy  being  boiled  ;  while  an  acid,  stronger  than  1.42,  becomes 
weaker  by  boiling.  All  the  varieties  of  nitric  acid,  therefore,  are 
brought,  oy  sufficient  boiling,  to  the  specific  gravity  1.42. 

(/)  Hydro- nitric  acid  may  be  frozen  by  the  application  of  a  suf- 
ficiency low  temperature.  Like  sulphuric  acid,  there  is  a  certain 
point  ot  density, at  which  it  most  readily  congeals.  Mr.  Cavendish 
has  described  this,  not  by  its  specific  gravity,  but  by  the  quantity 
ot  marble  which  it  is  capable  of  dissolving.  When  it  takes  up 
T4ooVhb  °f  "s  weight, in  which  case  its  specific  gravity  is  1.3,  the 
aciti  freezes  at  2°  below  0  Fahrenheit  When  considerably  stronger 
and  capable  of  dissolving  ^J^ths,  it  required  cooling  to  —  41.6; 
and  when  so  muc  ii  diluted  as  to  take  up  only  TVoVns»  it  did  not  con- 
geal tiii  cooled  to  —  40.3.* 

(g)  Strong  hydro-nitric  acid  absorbs  moisture  from  the  atmo- 
sphere ;  in  consequence  of  which  it  increases  in  weight,  and  dimi- 
nishes in  specific  gravity.  t 

(/i)  When  two  parts  of  the  acid  are  suddenly  diluted  with  one 
of  water,  an  elevation  of  temperature  is  produced  to  about  112° 
Fahrenheit.  When  more  water  is  added  to  this  diluted  acid,  its 
temperature  is  reduced.  Snow  or  ice  added  to  the  cold  dilute 
acid  is  instantly  liquefied,  and  an  intense  degree  of  cold  is  pro- 
duced. * 

(i)  It  becomes  coloured  by  exposure  to  the  sun's  light,  passing 
first  to  a  straw  colour,  and  then  to  a  deep  orange.  This  effect  is 
produced  by  the  union  of  the  light  ot  the  sun  with  oxygen,  in  con- 
sequence of  which  the  proportion  of  the  acidifying  principle  to  the 
nitrogen  is  diminished. 

By  exposing  it  to  the  sun's  rays  in  a  gas  bottle,  the  bent  tube 
of  which  terminates  under  water,  oxygen  gas  may  be  procured. 

(X.)  This  acid  retains  its  oxygen  with  but  little  force. — Hence  it 
is  decomposed  by  all  combustible  bodies,  which  are  oxygenized  by 
it,  with  more  or  less  rapidity,  in  proportion  to  their  affinity  for  oxy- 
gcn.f 

1.  When  brought  into  contact  with  hydrogen  gas  at  a  high  tem- 
perature, by  transmitting  them  through  an  ignited  porcelain  tube, 
a  violent  detonation  ensues.  This  experiment,  therefore,  requires 
great  caution.  2.  Poured  on  perfectly  dry  and  powdered  charcoal, 
it  excites  the  combustion  of  the  charcoal,  which  becomes  red-hot, 
and  emits  an  immense  quantity  of  fumes.  3.  It  also  inflames  essen- 
tial oils  (as  those  of  turpentine  and  cloves),  when  suddenly  poured 
on  them.  In  these  experiments,  the  acid  should  be  poured  out  of 
a  bottle,  tied  to  the  end  of  a  long  stick;  otherwise  the  operator's 
face  and  eyes  may  be  severely  injured.     4.  Nitric  acid  is  decom- 


*  Philosophical  Transactions,  1788. 

|  With  these  facts  continually  before  us,  we  are  satisfied  to  credit  each  suc- 
ceeding writer,  that  nitric  acid  is  not  decomposed  in  the  process  by  which  nitro- 
gen is  procured  from  flesh  by  distillation  !    C. 
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posed,  by  boiling  it  in  contact  with  sulphur,  which  attracts  the  oxy- 
gen, and  forms  sulphuric  acid. 

(I)  The  hydro-nitric  acid  is  also  decomposed  by  metals  ;  as  iron, 
tin,  zinc,  copper,  &c  ,  and  with  different  phenomena,  according  to 
the  affinity  of  each  metal  for  oxygen.  This  may  be  seen,  by  pour- 
ing some  strong  nitric  acid  on  iron  filings,  or  powdered  tin.  The 
acid  must  be  of  greater  density  than  1.48,  otherwise  it  will  not  pro- 
duce the  effect.  Violent  heat,  attended  with  red  fumes,  will  be 
produced,  and  the  metals  will  be  oxydized. 

(m)  If  the  action  of  metals  on  nitric  acid  be  more  moderately 
conducted,  a  new  product  is  obtained  in  a  gaseous  state.  Dilute 
some  nitric  acid  of  commerce  with  six  or  eight  parts  of  water, 
and  dissolve,  in  this,  some  turnings  of  copper,  or  a  portion  of  quick- 
silver, applying  a  gentle  heat.  This  must  be  done  in  a  gas  bottle, and 
the  product,  received  over  water,  is  nitrous  gas,  or  nitric  oxide.  Mr. 
Dalton  recommends  acid,  of  density  1 .2  or  1.3  to  be  poured  on  filings 
of  copper,  without  any  other  heat  than  that,  which  the  action  of  the 
acid  and  metal  on  each  other  occasions. 


SECTION  II. 

Nitrous  Gas,  or  Nitric  Oxide. 

The  properties  of  this  gas,  procured  in  the  manner  described  at 
the  close  of  the  last  section,  are  the  following  : 

(a)  It  is  permanent  over  water  ;  but  it  is  absorbed  in  the  pro- 
portion of  about  one  volume  to  18  or  20  water,  when  agitated  with 
water  which  has  been  recently  boiled,  and  has  become  cold.  This 
solution,  according  to  La  Grange,*  is  converted,  by  long  keeping, 
into  nitrate  of  ammonia,  in  consequence  of  the  decomposition  of  the 
water. 

Nitrous  gas  is  rather  heavier  than  common  air,  100  cubic  inches 
at  55°,  barometer  30°,  were  stated  by  Sir  H.  Davy  in  1800  to 
weigh  34.26,  or  at  60°  Fahrenheit  33.80  grains.  He  now,  however, 
gives  the  weight  of  100  cubic  inches  at  32  grains,  and  hence  its 
specific  gravity  is  1050. 

(b)  When  well  washed  with  water,  it  is  not  acid.  It  will  be  found 
not  to  redden  the  colour  oflitmus.  This  may  be  shown  by  introduc- 
ing a  piece  of  paper,  tinged  with  that  substance,  into  a  jar  of  ni- 
trous gas,  standing  inverted  over  water.  To  accomplish  this,  the 
paper  should  be  fastened  to  the  end  of  a  glass  rod  or  a  piece  of  stick. 
The  colour  will  remain  unchanged. 

(c)  It  extinguishes  flame,  and  is  fatal  to  animals.  Homberg's 
pyrophorus,  however,  is  inflamed  by  it,  and  charcoal  and  phosphorus, 
introduced  into  it  when  in  a  state  of  actual  combustion,  continue 
to  burn  vehemently. 

(«")  Mingled  with  hydrogen  gas,  it  imparts  a  green  colour  to  its 
flame.     It  does  not,  however,  explode  with   hydrogen  in  any  pro- 
•  Vol.  i.  page  131. 
*  1 


266  NITROUS  GAb-  CHAP.  XIII 

portion,  nor  with  any  of  the  varieties  of  carburetted  hydrogen.  But, 
when  mixed  with  ammonia,  an  electric  sp.-irk  produces  a  detona- 
tion, as  I  have  shown  in  the  Philosophic;.)  Transactions  for  1 8  ;9. 
The  proportions  required  for  mutual  saturation  are  about  i2j  mea- 
sures of  nitrous  gas  to  100  of  ammonia. 

(e)  When  mixed  with  oxygen  gas,  red  fumes  arise;  heat  is 
evolved  ;  a  diminution  takes  place  ;  and  if  the  two  gases  be  in  pio- 
per  proportion,  and  perfectly  pure,  they  disappear  entirely.  N'trous 
acid,  at  the  same  time,  is  regenerated.  Ten  measures  ot  oxygen, 
Mr.  Dalton  asserts,  may  be  made  to  condense  any  quantity  of  ni- 
trous gas,  between  1 3  and  36  measures,  according  as  the  mix- 
ture is  conducted. 

(/)  The  same  appearances  ensue,  less  remarkably,  with  atmo- 
spheric air  ;  and  the  diminution  is  proportionate  to  the  quantity  of 
oxygen  gas  which  it  contains.  On  this  property,  of  its  condensing 
oxygen,  but  no  other  gas,  is  founded  the  application  of  nitrous  gas 
to  the  purpose  of  eudiomeiry^ov  of  ascertaining  the  purity  of  air. 
The  sources  of  error,  in  its  employment  in  this  mode,  have  hitherto 
been  considered  such, as  to  forbid  our  relying  implicitly  on  there- 
suits  which  it  may  afford.  Learning,  however,  from  Mr.  Dalton, 
that  he  constantly  employs  nitrous  gas  in  determining  the  purity  of 
air,  and  with  perfect  satisfaction  as  to  the  accuracy  of  his  re- 
sults, I  have  obtained  from  him  the  following  communication.  It 
may  be  necessary  to  premise,  that  for  applying  nitrous  gas  to  this 
purpose,  two  tubes  will  be  found  convenient,  shaped  like  fig.  24  ; 
each  from  three  to  four  tenths  of  an  inch  in  diameter  ;  eight  or  nine 
inches  long,  exclusive  of  the  funnel-shaped  part ;  and  accurately 
graduated  into  minute  aliquot  parts.  What  these  parts  are,  is  of 
no  consequence.  Hundredth  parts  of  a  cubical  inch  give  rather  too 
large  divisions  of  the  scale  ;  but  if  each  of  these  be  divided  into 
two,  the  scale  will  be  sufficiently  small.  If  the  tube  employed  be 
not  long  enough  to  comprise  100  of  these  parts,  the  experiment 
may  be  made  on  50  parts  only  of  atmospherical  air;  and  the  results, 
multiplied  by  2,  will  give  the  proportion  in  100  parts. 

"  To  use  nitrous  gas  accurately  in  eudiometry,  it  is  only  requi- 
site to  take  both  gases  in  a  dilute  state,  namely,  containing  four  or 
five  times  their  bulk  of  azotic  gas  (which  atmospheric  air  naturally 
does),  or  of  any  other  gas  not  acted  upon  by  nitrous  or  oxygen 
gases.  In  this  case,  if  an  excess  of  one  gas  be  used,  the  other  is, 
in  a  few  minutes,  entirely  taken  up,  and  in  a  constant  proportion  ; 
whatsoever  may  be  the  form  of  the  vessel,  or  the  manner  of  mixing 
the  gases.  The  proportion  is  1  of  oxygen  to  1.7  of  nitrous,  so  that 
10-27ths  of  the  diminution  over  water  are  oxygen,  and  17-27ths  ni- 
trous gas.  It  is  proper,  as  soon  as  the  greater  part  of  the  diminu- 
tion has  ensued,  to  transfer  the  mixture  through  water  into  a  gra- 
duated vessel,  without  using  any  agitation. 

"  If  pure  nitrous  gas  be  admitted  to  pure  oxygen  gas  in  a  narrow 
eudiometer  tube,  so  that  the  oxygen  gas  is  uppermost,  the  two  unite 
very  nearly  in  the  same  uniform  proportion  as  above.  If,  on  the  other 
hand,  the  nitrous  be  the  upper  gas,  a  much  less  quantity  of  it  dis- 
appears; viz.   1.24  nitrous  to  one  oxygen.     If  undiluted  nitrous  gas 
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be  admitted  to  pure  oxygen  gas  in  a  wide  vessel  over  water,  the 
whole  effect  takes  place  immediately;  and  one  measure  of  oxygen 
will  condense  3  4  nitrous  gas. 

"  To  render  this  rule  more  intelligible,  an  example  maybe  ne- 
cessary. Let  10  measures  of  common  air  be  admitted  to  100  mea- 
sures of  a  mixture  ot  nitrous  gas,  with  an  equal  volume  ot  azotic  or 
hydrogen  gas.  Alter  standing  a  few  minutes  in  the  eudiometer, 
there  will  be  found  144  measures.  The  loss  56  being  divided  by  the 
common  divisor,  27,  gives  21  nearly  for  the  oxygen  gas  present  in 
100  measures  of  common  air." 

To  these  dii  ections  I  may  add,  that  when  atmospherical  air  is  the 
subject  of  experiment,  it  is  scarcely  necessary  to  dilute  the  nifous 
gas,  with  any  other  gas,  previously  to,  its  use.  If  a  number  of  ex- 
periments be  made,  it  will  be  proper,  in  all  cases,  to  let  the  gases 
remain  together  a  definite  time  (say  ten  minutes)  before  noting  the 
diminution  ;  and  it  is  needless  to  transfer  them  into  another  ves- 
sel. If  the  mixed  gas,  under  examination,  contain  much  more  oxy- 
gen, than  is  present  in  atmospherical  air,  then  it  is  proper  to  di- 
lute the"  nitrous  gas  with  an  equal  bulk  of  hydrogen  gas;  and,  in 
this  case,  the  narrower  the  tube,  in  which  the  experiment  is  made, 
the  more  accurate  will  be  the  result. 

Subsequent  experience  has  convinced  me  that  the  method,  pro- 
posed bv  Mr.  Dalton,  though  sufficiently  correct,  when  applied 
to  a  mixture  of  the  same,  or  nearly  the  same,  standard  as  the  at- 
mosphere, cannot  be  relied  on  when  the  proportion  of  oxygen  is 
cither  considerably  greater  or  less.  '  In  the  former  case,  the  pro- 
cess gives  too  great  a  diminution,  sometimes  indeed-  to  such  an 
extent  as  to  indicate  more  oxygen  gas  than  the  whole  amount  of 
what  was  submitted  to  experiment.  When  the  air,  on  which  we 
are  operating,  is  of  an  inferior  standard  to  the  atmosphere,  we  do 
not  learn  its  full  proportion  of  oxygen.  Notwithstanding  these  ob- 
jections, however,  the  method  has  considerable  value,  since  it  may 
be  applied  to  determine  the  proportion  of  oxygen  in  some  mixed 
gases,  to  which  other  eudiometrical  tests  are  not  applicable :  for 
example,  to  mixtures  of  hydro-carburet  and  oxygen  gases. 

The  application  of  nitrous  gas  to  eudiometrical  purposes,  it  has 
lately  been  contended  by  Gay  Lussac,  is  susceptible  of  perfect  ac- 
curacy, provided  certain  precautions  be  observed  which  he  has 
pointed  out,  and  which  were  suggested  by  his  theoretical  views 
of  the  constitution  of  these  gases.  A  narrow  tube  he  finds  to  be 
unfit  for  an  eudiometer,  his  object  being  to  form  nitrous  acid  gas, 
which  is  but  slowly  absorbed  by  water.  Instead  therefore  of  a 
tube,  we  must  take  a  wide  vessel,  such  as  a  small  tumbler  glass; 
and  to  100  parts  of  atmospheric  air,  previously  measured,  we  must 
add  at  once  100  measures  of  nitrous  gas.  A  red  fume  will  ap- 
pear, which  will  soon  be  absorbed  without  agitation,  and  in  half  a. 
minute,  or  a  minute  at  most,  the  absorption  will  be  complete. 
Pass  the  residuum  into  a  graduated  tube,  and  it  will  be  found,  al- 
most invariably,  that  84  measures  have  disappeared  Dividing 
this  number  by  4,  we  have  21  for  the  quantity  of  oxygen  con- 
censed. 
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By  a  series  of  experiments  on  mixtures  of  oxygen  and  nitrogen 
gases  in  various  proportions,  Guy  Lussac  found  that  this  eudiome- 
trical  process  may  be  depended  upon,  whether  the  oxygen  exceed 
or  fall  short  considerably  of  the  proportion  contained  in  atmospheric 
air. 

(§•)  The  generation  of  an  acid,  by  the  admixture  of  nitrous  gas 
villi  common  air  or  oxygen  gas,  may  be  shown  by  the  following  ex- 
periment. Paste  a  slip  of  litmus-paper  within  a  glass  jar,  near  the 
bottom;  and  into  the  jar,  filled  with  and  inverted  in  water,  admit 
as  much  nitrous  gas,  previously  well  washed,  as  will  displace  the 
■water  below  the  level  of  the  paper.  The  colour  of  the  litmus  will 
remain  unchanged;  but, on  adding  atmospheric  air  or  oxygen  gas, 
it  will  be  immediately  reddened. 

(A)  That  the  peculiar  acid,  thus  produced,  is  the  nitric,  will  ap- 
pear from  the  following  experiment.  Into  a  jar,  filled  with  and  in- 
verted in  mercury,  pass  a  small  quantity  of  a  solution  of  pure  pot- 
ash ;  and,  afterward,  measures  of  oxygen  and  nitrous  gases,  sepa- 
rately, and  in  proper  proportion.  On  removing  the  solution  from 
the  jar,  exposing  it  for  some  time  to  the  atmosphere,  and  after- 
ward evaporating  it,  crystals  of  nitrate  of  potash  will  be  formed,  a 
salt  which  is  ascertained  to  be  formed  of  potash  and  nitric  acid. 

(i)  Nitrous  gas  is  absorbed  by  hydro-nitric  acid,  which,  by  this 
absorption,  is  considerably  changed  in  its  properties. — Transmit 
the  gas,  as  it  issues  from  the  materials  that  afford  it,  through  co- 
lourless nitric  acid.  The  acid  will  undergo  successive  changes 
of  colour,  till  at  last  it  will  become  orage-coloured  and  fuming. 
In  this  state  it  is  called  nitrous  acid,  because  it  contains  a  less 
proportion  of  oxygen  than  the  colourless  nitric  acid. 

According  to  Dr.  Priestley,  100  parts  of  nitric  acid,  of  the  spe- 
cific gravity  of  14  to  10,  absorb,  in  two  days,  90  parts  by  weight  of 
nitrous  gas.*  When  about  seven  parts  of  gas  have  been  ab- 
sorbed, the  acid  acquires  an  orange  colour;  when  18  have  been 
absorbed,  it  becomes  green  ;  and  the  whole  quantity,  which  it  is 
capable  of  condensing,  changes  it  into  a  liquor,  which  emits  an 
immense  quantity  of  red  fumes.  The  gas,  thus  absorbed,  is  mostly 
separated  again  on  dilution  with  water. 

(£)  The  nitrous  gas,  thus  absorbed,  is  expelled  again  by  a  gen- 
tle heat.  This  may  be  shown  by  gently  heating  the  acid  coloured 
in  Experiment  i,  till  it  again  becomes  limpid.  In  this  experiment 
light  should  be  excluded. 

{I)  Nitrous  gas  is  decomposed  by  exposure  to  bodies  that  at- 
tract oxygen.  Thus,  iron  filings  decompose  it,  and  become  oxy- 
dized,  affording  a  proof  of  the  presence  of  oxygen  in  this  gas. 

*  Priestley  on  Air,  2d  edition,  i.  383.  In  the  experiment  alluded  to,  one-fifth  of 
an  ounce-measure  of  nitric  acid  absorbed  130  ounce-measures  of  nitrous  gas; 
or  more  than  60  per  cent,  by  weight.  There  is  reason,  however,  to  suspect 
some  inaccuracy  in  the  experiment;  for,  according  to  Sir  H.  Davy,  100  parts  of 
nitric  acid,  after  having  absorbed  all  the  nitrous  gas  which  it  is  capable  of  con- 
densing,  hold  only  nine  or  between  nine  and  ten  parts  in  combination,  and  Mr. 
Dalton  could  not  condense  more  than  20  times  its  bulk,  or  a  little  more  than  2 
per  cent,  by  weight  of  nitrous  gas,  into  acid  of  the  specific  gravity  1.3. 
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During  this  process,  water,  ammonia,  and  nitrous  oxide,  in  the 
proportion  of  1  volume  from  2  of  nitrous  gas,  are  generated.  Sul- 
phuret  of  potash,  &c.  have  a  similar  effect.  Mixed  with  sulphu- 
rous acid,  nitrous  gas  is  decomposed,  and  this  acid  is  changed  into 
the  sulphuric,  but  noi  unless  water  is  present.* 

Bodies  that  have  a  still  more  powerful  affinity  for  oxygen  decom- 
pose nitrous  gas  into  its  ultimate  elements.  Charcoal  ignited  in 
100  measures,  gives  50  measures  of  nitrogen  gas,  and  50  of  car- 
bonic acid.  Arsenic,  zinc,  or  potassium,  when  heated  in  it,  evolve 
half  its  volume  of  nitrogen.  Nitrous  gas  should  consist,  therefore, 
of  1  volume  of  oxygen  X  1  volume  of  nitrogen,  nejjher  of  which 
elements  is  in  a  siate  of  condensation.  This,  however,  would 
lead  to  a  determination  of  the  weight  of  the  atorrf  of  nitrogen, 
very  different  from  that  already  deduced  from  the  composition  of 
ammonia  and  of  nitric  acid.  For  if  nitrous  gas  be  constituted,  as 
Mr.  Dalton  supposes,  of  an  atom  of  each  of  its  elements,  and  if 
these  exist  in  it  in  equal  volumes,  the  atom  of  oxygen  will  be  to 
that  of  nitrogen  as  33.8  to  29.5  (the  proportions  by  weight  in  ni- 
trous gas,  according  to  this  view  of  its  composition)  or  as  7.5  to 
upwards  of  6.5,  which  last  number  would  denote  the  weight  of  the 
atom  of  nitrogen.  There  is,  therefore,  either  a  defect  in  this  part 
of  the  theory,  or  in  the  experiments  on  which  it  is  founded  ;  for 
the  weight  of  the  atom  of  nitrogen,  investigated  from  its  other 
compounds,  appears  to  be  nearly  5. 

{rn)  Nitrous  gas  is  absorbed  by  the  green  sulphate  and  muriate 
of  iron,f  which  do  not  absorb  nitrogen  gas.  To  ascertain,  there- 
fore, how  much  nitrogen  gas  a  given  quantity  of  nitrous  gas  con- 
tains, let  it  be  agitated  in  a  graduated  tube  with  one  of  these  solu- 
tions. This  information  is  necessary,  previously  to  deducing,  from 
its  effects  on  atmospheric  air,  the  proportion  of  oxygen  gas. 

From  the  important  use  which  is  now  made  by  some  chemists 
of  this  solution  of  nitrous  gas  in  eudiometry,  it  may  be  proper  to 
describe  the  mode  of  its  preparation. 

Dissolve  as  much  of  the  green  sulphate  of  iron  in  water  as  the 
water  will  take  up,  or  dissolve  iron  filings  in  sulphuric  acid,  dilut- 
ed with  five  or  six  parts  of  water,  leaving  an  excess  of  the  iron,  in 
order  to  ensure  the  perfect  saturation  of  the  acid.  Fill  a  wide- 
mouthed  bottle  with  this  solution,  invert  it  in  a  cupful  of  the  same, 
and  into  the  inverted  bottle  receive  the  nitrous  gas,  as  it  is  generat- 
ed by  the  proper  materials,  shaking  the  inverted  bottle  frequently. 
The  colour  of  this  solution  will  change  to  black,  and  the  produc- 
tion of  gas  and  the  agitation  are  to  be  continued,  till  the  absorp- 
tion can  be  carried  no  farther.  The  impregnated  solution  should 
be  preserved  in  a  number  of  small  bottles,  not  holding  more  than 
an  ounce  each.  The  most  commodious  method  of  applying  this 
solution,  is  by  means  of  Dr.  Hope's  eudiometer,  already  described. 
(Chap   v.  sect  4.) 

(w)  A  very  interesting  experiment,  affording  a  synthetic  proof 

*  Nicholson's  Journal,  xvii.  43. 

f  For  an  account  of  these  salts,  see  chap,  xviii.  sect.  6 
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of  the  constitution  of  nitrous  gas,  was  made  by  the  Rev.  Dr.  Mil- 
ner,  of  Cambridge.*  Into  an  earthen  tube,  about  2o  inches  long 
and  three  fourths  of  an  inch  wide,  open  at  both  ends,  put  as  much 
coarsely  powdered  manganese  as  is  sufficient  nearly  to  till  it.  Let 
this  be  placed,  no  -lzontaily,  in  a  furnace,  having  two  openings  op- 
posite to  each  other  (fig.  40).  To  one  end  of  tue  jarthen  tube  adapt 
a  retort,  containing  a  strong  solution  in  water  of  pure  ammonia, 
and  to  the  other  a  bent  glass  tubs,  which  may  terminate  in  a  two- 
necked  empty  bottle.  To  the  other  neck  of  the  bottle,  lute  a  glass 
tube,  bent  so  as  to  convey  any  gas  that  may  be  produced,  under  the 
shelf  of  the  pweumatic  trough.  Let  a  fire  be  kindled  in  the  !iir- 
nace ;  and,  when  the  manganese  may  be  supposed  to  be  red-hot) 
drive  over  it  the  vapour  of  the  ammonia.  The  alkali  will  be  de- 
composed;  its  hydrogen,  uniting  with  part  of  the  oxygen  which  is 
combined  with  the  manganese,  will  firm  water  ;  while  its  nitrogen, 
uniting  with  another  portion  of  the  oxygen,  will  constitute  nitious 
gas.  The  gas,  thus  generated,  may  be  collected  by  the  usual  ap- 
paratus. 

(o)  Another  fact,  showing  the  mutual  relation  of  ammonia  and  of 
the  compounds  of  nitrogen,  was  discovered  some  years  ago  by  Mr. 
Wm.  Higgins.f  Moisten  some  powdered  tin  (which  is  sold  under 
this  name  by  the  druggists)  with  strong  nitric  acid ;  and,  when  the 
red  fumes  have  ceased  to  arise,  add  some  quick-lime  or  solution  of 
pure  potash.  A  strong  smell  of  ammonia  will  be  immediately  pro- 
duced. 

In  this  experiment,  the  tin,  at  the  same  instant,  attracts  the  oxy- 
gen both  of  the  nitric  acid  and  of  the  water.  Hydrogen  and 
nitrogen  are  consequently  set  at  lioerty  ;  and  before  they  have 
assumed  the  gaseous  state,  these  two  bases  combine,  and  con- 
stitute ammonia.  The  ammonia,  thus  generated,  unites  with  a 
portion  of  undecomposed  nitric  acid ;  and  is  disengaged  from 
this  combination  by  potash  or  lime,  which  render  it  evident  to 
the  smell. 


SECTION  III. 

Gaseous  Oxide  of  Nitrogen. — Nitrous  Oxide  of  Davy. 

I.  This  compound,  also  consisting  of  oxygen  and  nitrogen,  but 
in  different  proportions  from  those  of  nitrous  gas,  may  be  obtained 
by  several  processes. 

(a)  By  exposing  common  nitrous  gas  for  a  few  days  to  iron  fil- 
ings, or  to  various  other  bodies  strongly  attracting  oxygen,  this  gas 
is  changed  into  the  nitrous  oxide. 

Some  nicety  and  experience  are  required  to  suspend  the  decom- 

*  Philosophical  Transactions,  1789. 

f  See  his  Comparative  View  of  the  Phlogistic  and  Antiphlogistic  Theories, 
3d  edition,  page  300,  note. 
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position  before  it  has  gone  too  far ;  in  which  case  nitrogen  gas  is 
obtained.  The  sulphite  of  potash,  being  incapable  of  decomposing 
nitrous  oxide,  is  best  adapted  to  the  conversion  of  nitrous  gas  into 
that  elastic  fluid.  The  process,  in  all  cases,  may  be  suspended, 
when  about  two  thirds  the  original  bulk  ol  the  gas  are  left. 

(6)  By  dissolving  zinc,  or  tin,  in  nitric  acid,  diluted  with  five  or 
six  times  its  weight  of  water.  Zinc,  during  this  solution,  disen- 
gages nitrous  oxide  till  the  acid  begins  to  exhibit  a  brownish  co- 
lour, when  the  process  must  be  suspended,  as  nitrous  gas  is  then 
formed.  But  by  neither  of  these  processes  is  the  gas  obtained  suf- 
ficiently pure  for  exhibiting  its  qualities.  To  procure  it  in  a  state  of 
purity,  the  following  process  is  the  best  adapted. 

(c)  To  nitric  acid,  diluted  with  five  or  six  parts  of  water,  add  car- 
bonate of  ammonia,  till  the  acid  is  saturated.  Then  evaporate  the 
solution  by  a  gentle  heat;  and,  to  supply  the  waste  of  alkali,  add, 
occasionally,  alittle  more  of  the  carbonate.  The  salt  obtained,  after 
the  solution  has  cooled,  is  next  to  be  put  in  a  glass  retort,  and  dis- 
tilled with  a  sand-heat,  not  exceeding  440°  Fahrenheit.*  The  heat 
olan  Argand's  lamp  is  more  than  sufficient,  and  requires  cautious 
regulation.  The  salt  will  presently  liquefy,  and  must  be  kept  gen- 
tly simmering,  avoiding  violent  ebullition.  The  gas  may  be  col- 
lected over  water,  and  allowed  to  stand  a  few  hours  before  it  is 
used,  during  which  time  it  will  deposit  a  white  cloud,  and  will  be- 
come more  perfectly  transparent. 

A  gazometer  is  best  adapted  for  its  reception ;  because  all  dan- 
ger is  then  avoided  of  an  absorption  of  the  water  of  the  trough  into 
the  retort ;  and  because  the  gas  is  brought  into  contact  with  a  much 
smaller  surface  of  water,  which  has  the  property  of  absorbing  a 
considerable  proportion  of  the  gas.  On  this  account,  water,  which 
has  been  once  used  to  confine  the  gas,  may  be  kept  for  the  same 
purpose. 

The  changes  that  take  place,  during  the  conversion  of  nitrate  of 
ammonia  into  nitrous  oxide,  are  the  following  :  Nitric  acid  is  com- 
posed of  oxygen  and  nitrous  gas  ;  ammonia,  of  hydrogen  and  nitro- 
gen. In  a  high  temperature,  the  nitrous  gas  combines  with  an  addi- 
tional dose  of  nitrogen,  and  forms  nitrous  oxide  ;  while  the  oxygen 
of  the  decomposed  nitric  acid  unites  with  the  hydrogen  of  the  am- 
monia, and  forms  water.  m 

The  gas,  thus  obtained,  was  termed,  by  the  Society  of  Dutch 
chemists,  gaseous  oxide  of  azote  ;  but  for  the  sake  of  brevity, 
and  as  more  conformable  to  the  nomenclature  of  other  compounds 
of  nitrogen,  I  shall  use,  with  Sir  H.  Davy,  the  name  of  nitrous 
oxide. f 

In  order  to  ascertain  whether  nitrous  oxide  be  adulterated  with 

•From  the  observations  of  Mr.  Sadler  (Nicholson's  Journal,  xv.  286,)  it  ap- 
pears that  the  puritv  of  the  nitrate  of  ammonia  is  of  considerable  importance  ; 
and  that  its  adulteration  with  muriate  diminishes  the  quantity,  and  impairs  the 
quality  of  the  gas.  „,       .    , 

f  For  a  full  account  of  this  gas,  consult  Sir  II.  Davy's  Researches,  Chemical 
and  Philosophical.    London.    Johnson,  1800. 
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either  common  air  or  oxygen  gas,  we  may  mix  equal  measures  of 
the  gas  under  examination,  and  of  nitrous  gas.  If  any  diminution 
enbue,  the  presence  of  one  of  these  may  be  suspected ;  and  the 
amount  will  show  which  of  them  is  contained  in  it.  Nitrous  gas, 
however,  is  a  much  more  common  contamination  ;  for  it  is  generat- 
ed, along  with  nitrous  oxide,  whenever  the  temperature  of  the  salt 
is  raised  too  high.  Its  presence  may  be  detected,  either  by  a  dimi- 
nution on  the  admixture  of  oxygen  gas  ;  or  by  an  absorption  being 
effected,  on  agitating  the  gas  with  a  solution  of  green  sulphate  of 
iron,  which  has  no  action  on  pure  nitrous  oxide. 

II.  Nitrous  oxide  gas  has  the  following  properties: 
(a)  It  is  considerably  heavier  than  common  air.  At  about  55" 
Fahrenheit,  and  30  inches  pressure,  100  cubic  inches  weigh  50.20 
grains,  or  under  the  same  pressure,  and  at  60°  Fahrenheit  49  68. 
(Davy.)  More  recently,  Sir  H.  Davy  has  stated  100  cubic  inches 
to  weigh  between  48  and  49-  grains,  and  hence  its  specific  gravity 
is  very  nearly  1.6. 

(6)  A  candle  burns  in  it  with  a  brilliant  flame  and  crackling 
noise.  Before  its  extinction,  the  white  inner  flame  becomes  sur- 
rounded with  an  exterior  blue  one. 

(c)  Phosphorus,  introduced  into  it  in  a  state  of  inflammation,  burns 
with  increased  splendour. 

Phosphorus,  however,  may  be  melted  and  sublimed  in  this  gas, 
without  alteration.  It  may  even  be  touched  with  red-hot  iron  wire, 
without  being  inflamed ;  but  when  a  wire,  intensely  heated,  or  made 
white-hot,  is  applied,  the  phosphorus  burns,  or  rather  detonates 
with  prodigious  violence. 

(d)  Sulphur,  introduced  into  nitrous  oxide  when  burning  with  a 
feeble  blue  flame,  is  instantly  extinguished  ;  but  when  in  a  state  of 
an  active  inflammation,  it  burns  with  a  vivid  and  beautiful  rose- 
coloured  flame. 

(e)  Red-hot  charcoal  burns  in  it  more  brilliantly  than  in  the  atmo- 
sphere. When  the  experiment  is  made  in  a  proper  apparatus,  the 
results  of  its  combustion  are  found  to  be  one  measure  of  nitrogen 
gas  and  half  a  measure  of  carbonic  acid  (equivalent  to  half  a  measure 
of  oxygen)  from  each  measure  of  nitrous  oxide.  It  must,  there- 
fore, consist  of  59  parts  by  weight  of  nitrogen,  33.8  oxygen,*  or 
it  must  contain  by  weight 

Oxygen    ....     36.43         100  57. 

Nitrogen  ....     63.57         174         loo. 


100.  274.        157. 

But  on  the  supposition  that  nitrous  oxide  is  constituted  of  two 
atoms  of  nitrogen  and  one  of  oxygen,  this  would  make  the  weight 
of  the  atom  of  nitrogen  =  6.7;  for  as  33.8  to  59,  so  is  7.5  to  13.4, 

*  200  cubic  inches  of  nitrogen  gas  weigh  59  grains,  and  100  of  oxygen 
weigh  33.8. 
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which  last  number  divided  by  2  gives  6.7.  Either,  therefore,  this 
part  of  the  theory,  or  the  analysis  of  nitrous  oxide,  is  defective  in 
accuracy  ;  and  it  will  be  important  to  reconcile  this,  which  is  one  of 
the  few  anomalies  of  the  atomic  theory,  to  its  general  principles,  by 
multiplied  and  accurate  experiments. 

(/)  Iron  wire  burns  in  this  gas  with  much  the  same  appearance 
as  in  oxygen  gas,  but  for  a  shorter  period. 

(,§•)  Nitrous  oxide  is  rapidly  absorbed  by  water  that  has  been 
previously  boiled,  about  one  thirtieth  the  original  bulk  of  the  gas 
remaining  uncondensed.  A  quantity  of  gas,  equal  to  considerably 
more  than  nine-tenths  the  bulk  of  the  water,  may  be  thus  made  to 
disappear.  This  property  furnishes  a  good  test  of  the  purity  of 
nitrous  oxide  ;  for  the  pure  gas  is  almost  entirely  absorbed  by  boil- 
ed water,  which  has  cooled  without  the  access  of  air.  The  gas  em- 
ployed should  exceed  the  water  three  or  four  times  in  bulk,  in  order 
to  obtain  a  saturated  solution. 

(h)  Water,  that  has  been  saturated  with  this  gas,  gives  it  out 
again,  unchanged,  when  heated. 

(i)  The  impregnated  water  does  not  change  blue  vegetable  co- 
lours. 

{k)  It  has  a  distinctly  sweet  taste,  and  a  faint,  but  agreeable, 
odour. 

(/)  Nitrous  oxide  is  not  diminished  by  admixture  with  either 
©xygen  or  nitrous  gas. 

\m)  A  mixture  of  this  gas  with  hydrogen  gas  detonates  loudly, 
on  applying  a  lighted  taper,  or  passing  an  electric  spark. 

When  the  proportion  of  hydrogen  is  nearly  equal  to  that  of  ni- 
trous oxide,  or  as  39  to  40,  nitrogen  gas  only  remains  after  the  ex- 
plosion ;  but  when  the  proportion  of  hydrogen  is  smaller,  nitric  acid 
is  also  generated.  In  general  terms,  it  may  be  stated  that  one  mea- 
sure requires  one  measure  of  hydrogen  gas,  and  leaves  after  com- 
bustion one  measure  of  nitrogen.  Nitrous  oxide  forms,  also  (as  I 
have  shown,  Philosophical  Transactions,  1809,  page  444),  a  com- 
bustible mixture  with  ammoniacal  gas,  100  measures  of  the  latter 
requiring  for  saturation  130  measures  of  nitrous  oxide. 
"  (n)  Nitrous  oxide  is  not  absorbed  by  alkalis ;  but  if  it  be  brought 
into  contact  with  them,  when  in  a  nascent  state,  or  before  it  has 
assumed  the  form  of  a  gas,  it  then  enters  into  combination  with 
alkaline  bases.  Thus,  when  a  mixture  of  sulphite  of  potash  and 
pure  potash  is  exposed  to  nitrous  gas,  the  gas  is  disoxygenized  by 
the  sulphite,  and  changed  into  nitrous  oxide,  which  unites  with  the 
alkali.  We  obtain,  therefore,  a  mixture  of  sulphate  of  potash  with 
a  compound  of  nitrous  oxide  and  alkali,  the  former  of  which  may 
be  separated  by  priority  of  crystallization.  The  latter  is  composed  of 
about  three  parts  of  alkali,  and  one  of  nitrous  oxide.  It  is  soluble 
in  water;  has  a  caustic  taste,  of  peculiar  pungency;  and  converts 
vegetable  blues  to  green.  Powdered  charcoal,  mingled  with  it, 
and  inflamed,  burns  with  bright  scintillations.  The  nitrous  oxide  is 
expelled  from  fixed  alkalis  by  all  acids,  even  by  the  carbonic, 
(o)  Animals,  when  wholly  confined  in  this  gas,  die  speedily. 
(/j)  One  of  the  most  extraordinary  properties  of  this  gas  is  ex- 

m  m 
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hibited  by  its  action  on  the  human  body,  when  received  into  the 
lungs.  When  thus  employed,  it  does  not  prove  fatal,  because, 
when  received  into'the  lungs,  it  is  mixed  and  diluted  with  the  at- 
mospherical air  present  in  that  organ.  To  administer  the  gas,  it 
may  be  introduced  into  an  oiled  silk  bag  or  clean  bladder,  furnish- 
ed with  a  stop-cock,  and  may  be  breathed  repeatedly  from  the  bag 
and  back  again,  as  long  as  it  will  last.  The  sensations  that  are 
produced  vary  greatly  in  persons  of  different  constitutions ;  but,  in 
general,  they  are  highly  pleasurable,  and  resemble  those  attendant 
on  the  pleasant  period  of  intoxication.  Great  exhilaration,  an  irre- 
sistible propensity  to  laughter,  a  rapid  flow  of  vivid  ideas,  and  an 
unusual  fitness  for  muscular  exertion,  are  the  ordinary  feelings  it 
produces.  These  pleasant  sensations,  it  must  be  added,  are  not 
succeeded,  like  those  accompanying  the  grosser  elevation  from 
fermented  liquors,  by  any  subsequent  depression  of  nervous 
energy. 


SECTION  IV. 

Nitrons  Acid. 

It  has  been  a  subject  of  controversy,  whether  an  acid,  entitled  to 
this  denomination,  and  holding  the  same  relation  to  the  nitric,  which 
the  sulphurous  bears  to  the  sulphuric,  has  really  existence.  That 
the  acid,  obtained  from  nitre,  has  different  states  of  oxygenation, 
and  contains  a  less  quantity  of  oxygen  in  proportion  to  the  depth 
of  its  colour,  is  generally  admitted.  But  it  has  been  contended  that 
we  are  to  consider  all  these  varieties  as  nitric  acid,  holding  in  com- 
bination variable  proportions  of  nitrous  gas  ;  and  the  principal  argu- 
ment in  favour  of  this  theory  is,  that  the  substance  occasioning  the 
colour  may  be  separated  by  the  mere  application  of  heat.  Sir  H. 
Davy  has  given  the  following  table,  showing  the  proportion  of  nitrous 
gas  in  nitrous  acid  of  different  colours. 


Pale  yellow 

Bright  ditto  .  . 

Dark  orange  .  . 

Light  olive  .  . 

Dark  olive  .  . 
Bright  green 

Blue  green  .  . 

Mere  dilution  with  water  is  sufficient  to  vary  these  colours. 
Thus  the  dark  orange-coloured  acid,  by  dilution,  passes  through 
the  shades  of  blue,  olive,  and  bright  green.  Nitric  acid,  also,  by 
absorbing  nitrous  gas,  has  its  specific  gravity  diminished.  Colour- 
less acid,  for  example,  when  rendered  of  pale  yellow,  becomes 
lighter  in  the  proportion  of  1.51  to  1.502. 


100  parts 

by  weight 

A 

contain 

Sp.  Gr. 

< 

Real  Acid. 

Nit.  Gas. 

Water. 

1.502 

90  5 

1.2 

8.3 

1.50 

88.94 

2.96 

8.1 

1.480 

86.84 

5.56 

7.6 

1.479 

86. 

6.45 

7.55 

1.478 

85.4 

7.1 

7.50 

1.476 

84.8 

7.76 

7.44 

1.475 

84.6 

8. 

7.40 

ECT.    IV. 
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It  has  been  argued  by  Gay  Lussac,*  that  the  nitrous  acid  is  as 
much  a  distinct  and  peculiar  a  compound,  as  any  other  of  the  com- 
binations of  nitrogen  and  oxygen.  It  is  formed,  he  observes,  when- 
ever we  mix  oxygen  and  nitrous  gases  in  such  proportion,  that  the 
nitrous  gas  predominates,  viz.  about  one  measure  of  the  former  to 
four  of  the  latter.  It  is  of  no  consequence  which  is  first  added  ;  for 
the  result  is  invariably  a  condensable  red  vapour,  containing  by 
measure  one  of  oxygen  gas,  and  three  of  nitrous  gas  ;  or  by 
weight, 

Nitrogen     .     .     .     34.49 
Oxygen      .     .    •     65.51 

100. 

The  proportions  of  the  elements  of  nitrous  acid  gas,  as  stated  by 
Sir  H.  Davy,  are  somewhat  different  from  these.  When  (he  ob- 
serves) two  measures  of  nitrous  gas  and  one  of  oxygen  —  1  volume 
of  nitrogen  and  2  of  oxygen,  both  freed  from  moisture,  are  mixed 
together  in  a  vessel  previously  exhausted  of  air,  they  are  condensed 
into  half  their  volume,  and  form  a  deep  orange-coloured  elastic 
fluid,  which  may  be  called  nitrous  acid  gas.  It  has  the  following 
properties  : 

A  taper  burns  in  it  with  considerable  brilliancy.  Sulphur  inflam- 
ed does  not  burn  in  it;  but  phosphorus  burns  vividly.  Charcoal 
continues  to  burn  in  it  with  a  dull  red  light.  Water  absorbs  it, 
and  gains  a  tint  of  green.  It  reddens  litmus  paper,  has  a  sour  taste, 
a  strong  smell,  and  turns  animal  substances  yellow.  One  hundred 
cubic  inches,  calculating  from  the  condensation  of  its  elements, 
must  weigh  65.3  grains,  at  mean  temperature  and  pressure,  and  it 
must  contain  in  100  grains, 

Nitrogen     .     .     30.32     .     100 
Oxygen       .     .     69  68     .     230 

100. 

In  this  compound,  therefore,  the  oxygen  combined  with  one 
hundred  grains  of  nitrogen,  will  be  as  nearly  as  possible,  a  multi- 
plication by  four  of  the  oxygen  in  nitrous  oxide  (57);  and  it  will 
complete  the  series  of  the  compounds  of  nitrogen,  the  rest  of  which 
have  been  enumerated  in  the  first  section  of  this  chapter. 

To  form  liquid  nitrous  acid,  nothing  more  is  necessary  than  to 
saturate  water  with  this  vapour.  The  water  becomes  first  green, 
then  blue,  and  finally  an  orange  colour  more  or  less  deep.  The 
latter  may  be  brought  to  the  state  of  green  or  blue  by  adding  more 
or  less  water.  Hence  the  colour  depends  merely  on  the  circum- 
stance of  density.  m 

Admitting  the  correctness  of  these  views,  it  will  follow  that  when 
nitrous  gas  is  transmitted  through  nitric   acid,  the  latter  is  partly 

*  Memoires  d'Arcueil,  ii. 
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de -oxygenated  ;  and  the  nitrous  gas,  acquiring  oxygen,  becomes 
nitrous  acid.  Hence  the  ordinary  acid  of  nitre  is  a  compound  of 
nitric  and  nitrous  acids,  and  not  of  nitric  acid  and  nitrous  gas  ;*  and 
its  colour  will  be  deep  in  proportion  to  the  quantity  of  nitrous  acid 
which  it  holds  in  combination.  Its  properties,  Berzelius  remarks,! 
differ,  also,  from  those  of  njtric  acid  ;  for  while  the  latter  boils  at 
236°,  nitrous  acid  of  the  same  density  boils  at  160°.  The  purely 
acid  part  he  considers  to  be  composed  of  36.9  nitrogen  -f-  63.1  ox- 
ygen. With  bases,  it  forms  a  class  of  salts,  which,  he  asserts,  dif- 
fer entirely  from  those  containing  nitric  acid. 


SECTION  V. 

Nitrates. 
Art.  1. — Nitrate  of  Potash* 

I.  A  direct  synthetic  proof  of  the  composition  of  this  salt  may 
be  obtained  by  saturating  nitric  acid  with  potash,  either  pure  or  in  a 
carbonated  state.  The  solution,  on  evaporation,  yields  crystals  of 
nitrate  of  potash,  or  nitre. 

For  the  purposes  of  experiment,  however,  the  nitrate  of  potash, 
which  may  be  met  with  in  the  shops,  and  which  is  an  abundant  pro- 
duct of  nature,  may  be  employed  on  account  of  its  greater  cheap- 
ness. The  nitre,  which  is  met  with  as  an  article  of  commerce,  is 
brought  to  this  country,  chiefly  from  the  East  Indies.  When  it  ar- 
rives it  is  a  very  impure  salt,  containing,  besides  other  substances, 
a  considerable  proportion  of  muriate  of  soda.  In  this  state  it  is 
called  rough  nitre.  For  the  purposes  of  chemistry,  it  requires  to  be 
purified  by  solution  in  water  and  re-crystallization  ;  and  it  then  ob- 
tains the  name  of  refined  nitre  or  refined  saltpetre. 

II.  This  salt  has  the  following  properties : 

(a)  It  crystallizes  in  prismatic  octahedrons,  generally  constituting 
six-sided  prisms,  terminated  by  two-sided  summits.  It  contains, 
according  to  Berzelius,  no  water  of  crystallization.  Thenard  has 
determined  that  it  consists  of 

59.5  potash 
50.5  nitric  acid. 

But  as  potash  itself,  in  the  driest  form  under  which  we  can  pro- 
cure it,  still  contains  water,  Berthollet  has  given  the  following  pro- 
portions as  those  of  nitrate  of  potash. 

51.38  potash 
48.62  acid 


100. 
Dalton's  New  System,  p.  366.  f  83  Ann.  de  Cb.  10. 
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These  proportions  are  nearly  reversed  by  Berard,  who  makes 
it  consist  of  48.64  base  and  51.36  acid;*  and  the  proportions,  de- 
duced by  Dr.  Wollaston,  are  46.67  base  to  53-33  acid. 

{b )  For  solution,  it  requires  seven  times  its  weight  of  water  at 
60°  of  Fahrenheit;  and  boiiing  watertakes  up  its  own  weight. 

These  are  the  proportions  assigned  by  Bergman  ;  but  La  Grange 
asserts,  that,  at  the  ordinary  temperature,  nitrate  of  potash  requires 
only  three  or  four  times  its  weight  of  water  for  solution  ;  and  half 
its  weight  of  boiling  water. f 

(c)  By  the  application  of  a  moderate  heat  it  fuses,  and  being  cast 
in  moulds,  forms  what  is  called  Sal  Prunelle.  After  fusion.  Sir  H. 
Davy  found  that  it  still  yielded  water,  when  distilled  with  boracic 
acid. 

(d)  If  a  red-heat  be  applied,  nitrate  of  potash  is  decomposed  in 
consequence  of  the  destruction  of  its  acid.  By  distilling  it  in  an 
earthen  retort,  or  in  a  gun  barrel,  oxygen  gas  may  be  obtained  in 
great  abundance,  one  pound  of  nitre  yielding  about  12,000  cubic 
inches,  of  sufficient  purity  for  common  experiments,  but  not  for 
purposes  of  accuracy. 

(e)  Nitrate  of  potash,  that  has  been  made  red-hot,  seems  to  con- 
tain an  acid  less  oxygenated  than  the  common  nitric  acid,  and  hav- 
ing a  weaker  affinity  for  alkalis.  For  if  acetic  acid  be  poured  on 
nitre  that  has  been  thus  treated,  the  nitrous  acid  is  expelled  in  red 
fumes,  whereas  common  nitre  is  not  at  all  affected  by  acetic  acid. 

(/)  Nitrate  of  potash  is  rapidly  decomposed  by  charcoal  in  a  high 
temperature.  This  may  be  shown,  by  mixing  two  parts  of  powder- 
ed nitre  with  one  of  powdered  charcoal,  and  setting  fire  to  the 
mixture  in  an  iron  vessel  under  a  chimney.  The  products  of  this 
combustion,  which  may  be  collected  by  a  proper  apparatus,  arc 
carbonic  acid  and  nitrogen  gases.  Part  of  the  carbonic  acid  also 
remains  attached  to  the  residuary  alkali,  and  may  be  obtained  from 
it  on  adding  a  stronger  acid. 

This  residue  was  termed,  by  the  old  chemists,  clyssus  of  nitre. 

(g)  Nitrate  of  potash  is  also  decomposed  by  sulphur,  and  with 
different  results,  according  to  the  temperature  and  proportions  em- 
ployed. 

1.  Mix  powdered  nitre  and  sulphur,  and  throw  the  mixture,  by  a 
little  at  a  time,  into  a  red-hot  crucible.  The  sulphur  will  unite  with 
the  oxygen  of  the  nitric  acid,  and  from  sulphuric  acid  ;  which,  com- 
bining with  the  potash,  will  afford  sulphate  of  potash.  The  pro- 
duction of  the  latter  salt  will  be  proved  by  dissolving  the  mass  re- 
maining in  the  crucible  and  crystallizing  it,  when  a  salt  will  be  ob- 
tained, exhibiting  the  characters  described,  chap.  xii.  sect.  4. 

2.  Mix  a  portion  of  sulphur  with  one  sixth  or  one  eighth  its 
weight  of  nitrate  of  potash  ;  put  the  mixture  into  a  tin  cup,  and 
raise  it,  by  a  proper  stand  (fig.  25%  a  few  inches  above  the  surface 
of  water,  contained  in  a  flat  shallow  dish.  Set  fire  to  the  mixture, 
and  cover  it  with  a  bell-shaped  receiver.  In  this  case,  also,  sul- 
phuric acid  will  be  formed;  but  it  will  not  combine,  as  before,  with 

*  71  Ann.  de  Chim.  69.  f  Manuel,  1st  edition,  i.  243. 
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the  alkali  of  the  nitre,  which  alkali  is  present  in  sufficient  quantity 
to  absorb  only  a  part  of  the  acid  produced.  The  greater  part  of  the 
acid  will  be  condensed  on  the  inner  surface  of  the  glass  bell,  and 
by  the  water,  which  will  thus  become  intensely  acid.  The  opera- 
tion may  be  repeated  three  or  four  times,  using  the  same  portion  of 
water.  When  the  water  is  partly  expelled,  by  evaporation  in  a  glass 
dish,  concentrated  sulphuric  acid  remains,  which  has  been  formed 
by  the  union  of  the  oxygen  of  the  nitre,  and  that  of  the  atmospheri- 
cal air,  witn  the  sulphur  submitted  to  experiment.  By  a  process  of 
this  kind,  conducted  on  a  large  scale,  and  in  extensive  leaden  cham- 
bers, the  sulphuric  acid  of  commerce  is  prepared.  The  dilute  acid, 
resulting  from  the  union  of  the  condensed  vapour  of  the  burning 
materials,  with  the  stratum  of  water  at  the  bottom  of  the  chamber, 
is  first  boiled  doftn  in  part  in  shallow  leaden  vessels,  and  is  then 
transferred  into  glass  retorts,  where  it  is  farther  concentrated  by 
the  continued  application  of  heat. 

In  a  memoir  of  Clement  and  Desormes,  published  in  Nicholson's 
Journal,  xvii.  4),  it  is  proved,  that  the  nitre  does  not  furnish  above 
one  tenth  part  of  the  oxygen,  required  for  the  conversion  of  sul- 
phur into  sulphuric  acid,  and  that  the  rest  of  the  oxygen  is  derived 
from  the  atmospherical  air  of  the  chamber.  Sulphurous  acid,  they 
suppose,  is  in  the  first  instance  formed  by  the  combustion  of  the 
sulphur  ;  and,  at  the  same  moment,  nitrous  gas  is  evolved  from  the 
de-oxygenation  of  the  nitric  acid  contained  in  the  saltpetre.  This 
nitrous  gas,  uniting  with  the  atmospheric  oxygen,  composes  nitrous 
acid  gas,  which,  when  water  is  present,  has  the  property  of  convert- 
ing sulphurous  into  sulphuric  acid,  and  of  returning,  at  the  same 
time,  to  the  state  of  nitrous  gas.  The  same  process  is  repeated, 
and  thus  the  same  portion  of  nitrous  gas  acts  repeatedly  as  an  in- 
termedium between  the  sulphur,  previously  changed  into  sulphur- 
ous acid,  and  the  atmospheric  oxygen. 

(A)  A  mixture  of  three  parts  of  powdered  nitre,  two  of  carbonate 
of  potash,  or  common  salt  of  tartar,  and  one  part  of  sulphur,  all  ac- 
curately mixed  together,  forms  the  fulminating  powder,  which  ex- 
plodes with  a  loud  noise,  when  laid  on  an  iron  heated  below  red- 
ness.* 

(i)  A  mixture  of  five  parts  of  powdered  nitre,  one  part  of  sulphur, 
and  one  of  powdered  charcoal,  composes  gunfiowder.  The  mate- 
rials are  first  very  finely  powdered  separately,  then  mixed  up  toge- 
ther, and  beaten  with  a  wooden  pestle,  a  sufficient  quantity  of  water 
being  added  to  prevent  an  explosion.  The  mixture  is  afterward 
granulated,  by  passing  through  sieves,  and  dried  very  cautiously. t 

*  These  ingredients  must  be  very  dry,  and  mixed  together  in  a  warm  mortar, 
to  ensure  a  successful  product.  It  requires  to  be  kept  from  all  moisture,  which 
injures  its  detonation. 

f  On  the  preparation  of  gunpowder,  and  the  theory  of  its  detonation,  consult 
Nicholson's  Journal,  xxiii.  279.(*) 

(*)  The  paper  here  adverted  to,  consisting'  of  scarcely  one  page,  appears  to  me  to 
afford  a  very  imperfect  idea  of  the  theory  of  the  detonation  of  gun-powder.  It  is  a 
series  of  assumptions,  many  of  which  require  proof;  and  at  all  events  goes  to 
oppose  the  doctrines  of  caloric,  which  assert  the  connection  of  that  agent  with 
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Process  for  firefiaring  Ntitic  Acid. 

Nitrate  of  potash  is  decomposed  by  sulphuric  acid,  which  com- 
bines with  the  potash, and  expels  the  nitric  acid.  Put  into  a  glass 
retort,  which  may  be  either  tubulated  or  not,  four  parts  of  nitrate  of 
potash,  reduced  to  a  coarse  powder,  and  pour  upon  it  three  parts  of 
concentrated  sulphuric  acid.  Apply  a  tubulated  receiver,  ot  largo 
capacity,  between  which,  and  the  retort,  an  adopter  may  be  inter- 
posed ;  these  junctures  being  luted  with  a  mixture  of  pipe-clay, 
sifted  sand,  and  cut  tow  or  flax.  To  the  tubulure  of  the  receiver,  a 
glass  tube  may  be  fixed  by  means  of  the  fat  lute,  and  may  terminate 
in  another  large  receiver,  containing  a  small  quantity  of  water.  If 
the  operator  wishes  to  collect  the  gaseous  products  also,  this  second 
receiver  should  be  provided  with  a  tubulure,  to  which  a  bent  pipe 
may  be  luted,  terminating  under  one  of  the  inverted  funnels  in  the 
shelf  of  the  pneumatic  trough.  Apply  heat  to  the  retort,  through 
the  intervention  of  a  sand-bath.  The  first  product  that  passes  into 
the  receiver,  is  generally  of  a  red  colour,  and  of  a  smoking  quality. 
These  appearances  gradually  diminish  ;  and  if  the  materials  used 
were  clean,  the  acid  will  come  over  pale,  and  even  colourless.  Af- 
terwards it  gradually  re-assumes  a  red  colour,  and  smoking  proper- 
ty ;  which  appearances  go  on  increasing  till  the  end  of  the  opera- 
tion ;  and  the  whole  product,  mingled  together,  has  either  a  yellow 
or  an  orange  colour,  according  to  the  temperature  employed. 

The  proportions  recommended  in  the  new  London  Pharmaco- 
poeia for  the  preparation  of  nitric  acid,  are  two  pounds  of  nitrate  of 
potash,  deprived  by  heat  of  its  water  of  crystallization,  and  two 
pounds  of  sulphuric  acid.  These  are  directed  to  be  mixed  in  a 
glass  retort,  and  distilled  in  a  sand-bath,  until  a  red  vapour  arises. 
The  acid  in  the  receiver  is  to  be  mixed  with  an  ounce  of  nitrate  of 
potash,  and  again  distilled  in  a  similar  manner.  After  the  second 
distillation  its  specific  gravity  is  1.500;  and  one  fluid  ounce,  Mr. 
Phillips  finds,  decomposes  476  grains  of  marble.  But  he  objects  to 
the  proportion  of  sulphuric  acid,  in  the  process  of  the  College,  as 
unnecessarily  large.  If,  however,  it  be  required  to  decompose  the 
whole  of  any  portion  of  nitre,  it  is  necessary  to  use  as  much  sul- 
phuric acid,  as  will  form,  with  the  alkali  of  the  nitre,  sic/ier  sulfi/iate 
of  potash,  viz.  97  parts  of  acid,  of  density  185,  to  100  parts  of  nitre. 

The  nitric  acid,  which  first  passes  over,  has  the  greatest  speci- 
fic gravity.  In  an  experiment  of  Dr.  Perceval  of  Dublin,  the 
product  was  taken  in  three  portions;  the  first  of  which  had  the 
specific  gravity  of  1.494,  the  second  of  1.485,  and  the  third  of 
1.442.f 

the  different  states  of  cohesion  in  bodies.  Thus,  although  we  know  that  a  vast 
amount  of  caloric  is  extricated,  or  excited,  from  some  source,  vet  the  gases  pro- 
duced, aft.er  i*i i I T  expansion,  are  said  to  occupy  14000  times  the  space  they  did 
before,  as  water  !  But  what  ought  to  be  the  fact,  if  the  above  opinions  of  caloric 
were  correct  ?  Should  not  the  gases  thus  expanding  absorb  caloric,  and  thereby 
induce  the  negative  sensation  of  cold  ?  C. 
f  Transactions  of  the  Jfish  Academy,  iv   37. 
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In  the  large  way,  and  for  purposes  of  the  arts,  it  is  usual  to  sub- 
stitute earthen  or  cast-iron  retorts,  made  extremely  thick,  tor  those 
ot  glass.  An  earthen  head  is  adapted,  and  this  is  connected  with 
a  range  of  proper  condensors.  The  strength  of  the  acid  is  varied 
also,  oy  putting  more  or  less  water  into  the  receiver.  What  is 
called  double  aqua  fortis  varies  in  its  specific  gravity  from  1.3  to 
1.4. 

Nitric  acid,  obtained  by  this  process,  is  never  perfectly  pure.  It 
contains,  generally,  both  sulphuric  and  muriatic  acids ;  the  former 
of  which  is  indicated  by  a  white  precipitate,  on  adding  a  solution 
of  nitrate  of  barytes  to  a  little  of  the  acid,  diluted  with  8  or  10 
puns  ot  water;  and  the  latter,  by  a  milkiness  produced  by  nitrate 
ot  stiver.  The  sulphuric  acid  may  be  separated,  either  by  a  se- 
cond distillation  from  a  portion  of  very  pure  nitre,  equal  in  weight 
to  one  eighth  of  that  originally  employed,  or  by  adding  nitrate  of 
barytes ;  allowing  the  precipitate  to  settle  ;  decanting  the  clear 
liquid,  and  distilling  it.  Muriatic  acid  is  separated  by  the  addition 
of  nitrate  of  silver.  An  immediate  milkiness  ensues,  and  fresh 
additions  must  be  made  of  nitrate  of  silver,  as  long  as  it  occasions 
this  appearance.  Then  allow  the  precipitate  to  subside  ;  decant 
the  clear  liquid,  and  re-distil  it ;  leaving  one  eighth  or  one  tenth 
in  the  retort.  The  product  will  be  pure  nitric  acid.  Nitrate  of 
lead  may  be  substituted  for  nitrate  of  silver.f  The  nitric  acid 
may  also  be  obtained  free  from  muriatic  acid,  if  a  perfectly  pure 
nitrate  of  potash  be  employed  for  distillation.  This  purification  is 
effected  by  repeated  solutions  of  the  nitre,  in  boiling  distilled  wa- 
ter, and  re-crystallizations. 

Nitric  acid  obtained  in  this  manner  is  deficient  also  in  another 
respect ;  for  it  is  not  perfectly  oxygenated,  but  holds  in  solution  a 
considerable  quantity  of  nitrous  acid.  To  expel  the  latter,  put  the 
acid  into  a  retort,  to  which  a  receiver  is  applied,  the  two  vessels 
not  being  luted,  but  joined  merely  by  paper.  Apply  a  very  gentle 
heat  for  several  hours  to  the  retort,  changing  the  receiver  as  soon 
as  it  becomes  filled  with  red  vapours.  The  nitrous  gas  will  thus  be 
expelled,  and  the  acid  will  remain  in  the  retort  in  a  state  of  purity, 
and  as  limpid  and  colourless  as  water.  It  must  be  kept  in  a  bottle 
secluded  from  the  light. 

One  hundred  parts  of  nitrate  of  potash,  according  to  La  Grange, 
yield  by  this  process  43  of  acid,  or  according  to  my  experience, 
above  50;  but,  if  the  process  of  the  College  be  followed,  100  of 
fused  nitre  afford  about  66J  of  acid.  Even  this,  however,  is  not 
the  whole  of  what  was  contained  in  the  salt ;  for  a  part  is  decom- 
posed by  the  temperature  necessary  to  the  operation.  According- 
ly, a  large  quantity  of  oxygen  gas  is  disengaged  during  the  distil- 
lation, and  may  be  collected  by  an  obvious  addition  to  the  appa- 
ratus. 

In  the  retort,  there  remains  a  compound  of  potash  with  more 
sulphuric  acid  than  is  essential  to  its  saturation,  or  a  super  sul- 
phate of  potash.     On  submitting  this  to  a  pretty  strong  heat,  the 

f  See  Nicholson's  Journal,  xi.  134. 
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excess  of  sulphuric  acid   is  expelled;  and  the  residue,  dissolved 
and  evaporated,  affords  crystallized  sulphate  of  potash. 

Art.  2. — Nitrate  of  Soda. 

I.  This  salt  may  he  formed,  by  saturating  carbonate  of  soda 
with  nitric  acid  ;  or  by  distilling  common  salt  with  three  fourths 
its  weight  of  nitric  acid.  When  the  former  process  is  adopted, 
the  solution  must  be  evaporated,  till  a  pellicle  appears  on  its  sur- 
face, and  then  allowed  to  cool.  Crystals  will  be  produced,  having 
the  shape  of  rhomboids,  or  rhomboidal  prisms. 

II.  These  crystals  have  a  taste  like  that  of  saltpetre,  but  more 
intense.  They  arc  soluble  in  three  parts  of  water  at  60°,  and  in 
less  than  an  equal  weight  of  boiling  water.  They  attract  mois- 
ture from  the  atmosphere.  In  other  respects,  in  the  means  by 
which  their  decomposition  is  effected  and  its  results,  they  agree 
with  the  nitrate  of  potash.  The  only  use  of  nitrate  of  soda  is, 
perhaps,  that  which  has  been  suggested  by  Proust,  who  has  found 
it  to  be  more  economical  in  the  making  of  fire-works  than  nitrate 
of  potash.*     It  consists,  according  to  Dalton,  of 

57.6  acid 
42.4  base 

100. 

Art.  3. — Nitrate  of  Ammonia. 

I.  The  most  simple  mode  of  preparing  this  salt  is  by  adding 
carbonate  of  ammonia  to  dilute  nitric  acid,  till  saturation  has  taken 
place.  If  the  liquor  be  evaporated,  by  a  heat  between  70°  and 
100°,  to  a  certain  extent,  it  shoots,  on  cooling,  into  crystals,  having 
the  shape  of  six-sided  prisms,  terminated  by  long  six-sided  pyra- 
mids. Evaporated  at  the  temperature  of  212°,  it  yields,  on  cool- 
ing, thin  fibrous  crystals ;  and  when  the  evaporation  is  carried  so 
far,  that  the  salt  immediately  concretes  on  a  glass  rod  by  cooling, 
it  then  forms  a  compact  and  shapeless  mass. 

II.  The  solubility  of  this  salt  varies,  according  to  the  tempera- 
ture in  which  it  has  been  formed.  When  in  crystals,  it  requires 
twice  its  weight  of  water,  for  solution,  or  half  its  weight  of  boiling 
water.  It  deliquiates,  in  all  its  forms,  when  exposed  to  the  atmo- 
sphere. 

III.  The  most  important  property  of  this  salt  is  the  one  which 
has  been  already  described,  viz.  of  yielding,  when  decomposed  by 
heat,  the  nitrous  oxide.  One  pound  of  the  compact  kind  gives, 
by  careful  decomposition,  nearly  five  cubic  feet  of  gas,  or  rather 
more  than  34  doses;  so  that  the  expense,  estimating  the  salt  at 
5«.  \0d.  the  pound,  is  about  2d.  for  each  dose. 

IV.  In  a  temperature  of  600°  this  salt  explodes,  and  is  entirely 
decomposed.     Hence  it  was  formerly  called  nitrum  flammans. 

*  Nicholson's  Journal,  xv.  262. 
n  n 
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V.  Its  composition  varies  according  to  the  mode  of  its  prepara- 
tion, and  is  stated  by  Sir  H.  Davy  as  follows : 

Compact. 
.     .     .     74.5  acid 
.     .    .     19.8  ammonia 
.     .     .       5.7  water 

100.  100.  100. 

The  prismatic  variety  is  stated  by  Berzelius,*  who  investigated 
very  carefully  the  results  of  its  decomposition,  to  consist  of 

67.625  acid 
21.143  base 
11.232  water 


100. 
Art.  4.— Nitrate  of  Barytes. 

Nitrate  of  barytes  may  be  prepared,  by  dissolving  either  the  ar- 
tificial or  native  carbonate  in  nitric  acid,  diluted  with  eight  or  ten 
parts  of  water.  If  the  artificial  carbonate  be  employed,  it  should 
be  previously  well  washed  with  distilled  water,  till  the  washings 
cease  to  precipitate  nitrate  of  silver.f  A  solution  of  nitrate  of 
barytes,  mixed  with  one  of  silver,  should  continue  perfectly  tran- 
sparent. On  evaporation,  it  yields  regular  octahedrons,  often  ad- 
hering to  each  other  in  the  form  of  stars  ;  and  sometimes  it  is  ob- 
tained in  small  brilliant  plates.  It  requires  for  solution  12  times 
its  weight  of  water  at  60°,  and  three  or  four  parts  of  boiling  wa- 
ter. It  is  not  altered  by  exposure  to  the  air.  In  a  red-heat,  its 
acid  is  decomposed,  and  the  earth  remains  pure.  This  furnishes 
another  method  of  procuring  pure  barytes;  but  the  heat  must  not 
be  carried  too  far,  otherwise  the  barytes  is  apt  to  vitrefy  with  the 
crucible.  The  residue,  on  the  addition  of  water,  dissolves  with 
great  heat  and  noise,  and  the  solution,  on  cooling,  yields  crystals 
of  pure  barytes. 

Nitrate  of  barytes  is  composed,  in  100  parts,  according  to  Cle- 
ment and  Desormes,  of  60  base,  and  40  acid  and  water.  Mr.  James 
Thomson  states  its  composition  to  be 

59.3  barytes 

40.7  acid  and  water. 

This  scarcely  differs  from  the  determination  of  Berzelius,  viz. 
58.46  base  -f-  41.54  acid,  and  no  water; 

*  80  Ann.  de  Ch.  182. 

t  For  particulars  relative  to  the  process  of  forming  the  Nitrat  of  Barytes 
from  the  carbonat,  the  reader  may  consult  with  advantage  an  Essay  on  Barytes 
by  Mr.  Parke  in  his  Chem.  Essays,  toL  2.  224.    C. 
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Art.  5. — Nitrate  of  Strontites. 

This  salt  may  be  obtained  in  the  same  manner  as  the  nitrate  of 
barytes,  with  which  it  agrees  in  most  properties.  The  solubility  of 
its  crystals,  however,  differs  considerably  ;  for  they  are  dissolved  by 
their  own  weight  of  water  at  60°,  or  by  little  mofe  than  half  their 
weight  of  boiling  water.  When  applied  to  the  wick  of  a  candle,  or 
added  to  boiling  alcohol,  they  communicate  to  the  flame  a  deep 
blood-red  colour.  They  are  decomposed  by  a  high  temperature, 
anu  afford  pure  strontitic  earth.  Exclusive  of  water,  the  salt  con- 
sists, according  to  Richter,  of  51.4  acid  -f-  48.6  base. 

Art.  6.— Nitrate  of  Lime. 

This  salt  is  found  abundantly  in  the  cement  of  old  buildings, 
which  have  been  long  inhabited.  To  prepare  it  artificially,  nitric 
acid,  diluted  with  five  or  six  parts  of  water,  may  be  saturated  with 
carbonate  of  lime.  When  this  solution  is  boiled  down  to  the  con- 
sistence ol  syrup,  and  exposed,  in  a  cool  place,  long  prismatic  crys- 
tals are  formed,  resembling,  in  their  disposition,  bundles  of  needles 
diverging  from  a  common  centre.  These  crystals  are  readily  so- 
luble in  water,  of  which,  at  60°,  they  require  two  parts,  and  boiling 
water  dissolves  an  equal  weight.  They  deliquiate  speedily,  when 
exposed  to  the  air  ;  and  are  decomposed  at  the  temperature  of  igni- 
tion. Exclusive  of  water,  Mr.  Dalton  states  this  salt  to  consist  of 

61.3  acid 
38.7  base 


100. 


When  a  solution  of  nitrate  of  lime  is  evaporated  to  dryness  in  an 
earthen  vessel,  then  fused  for  five  or  ten  minutes  in  a  crucible,  and 
poured,  while  in  fusion,  into  an  iron  pot  previously  heated,  the  con- 
gealed mass  forms  Baldwin's  phosphorus.  It  must  be  broken  into 
pieces,  and  preserved  in  a  well-stopped  phial.  These  pieces,  after 
having  been  exposed  to  the  sun  for  a  few  hours,  emit  in  the  dark  a 
beautiful  white  light,  affording  one  variety  of  solar  phosphorus. 

Art.  7.— -Nitrate  of  Magnesia. 

This  compound  may  be  prepared,  by  dissolving  carbonate  of 
magnesia  in  diluted  nitric  acid.  The  solution,  when  evaporated, 
yields  crystals  in  the  shape  of  prisms,  with  four  oblique  faces  trun- 
cated at  their  summits.  Most  commonly,  however,  it  forms  a  shape- 
less mass,  consisting  of  an  immense  number  of  small  needle-shaped 
crystals,  crossing  each  other  irregularly.  These  crystals  deliquiate 
in  the  air,  and  are  soluble  in  half  their  weight  of  water.  When 
exposed  to  the  heat  of  ignition,  they  fuse  ;  a  few  bubbles  of  oxygen 
gas  first  escape;  and  the  nitric  acid  then  passes  undecomposed. 
The  salt  contains,  exclusive  of  water,  according  to  Dalton,  69  acid 
-f  31  base. 
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Art.  8. — Nitrate  of  Alumine. 

This  salt  is  but  little  known.  It  may  be  formed  by  the  solution 
of  fresh  precipitated  alumine,  which  has  been  well  washed  with 
distilled  water,  but  not  dried,  in  diluted  nitric  acid,  with  the  assist- 
ance of  heat.  The  solution,  which  has  always  an  excess  of  acid, 
alter  evaporation,  crystallizes  in  thin  ductile  plates.  The  crystals 
are  extremely  soluble;  and,  on  the  application  of  a  high  tempera- 
ture, abandon  their  acid.  They  are  decomposed  by  most  alkaiis 
and  earths.  Pure  potash,  added  in  excess,  re-dissolves  the  precipi- 
tate. 

Art.  9.— -Nitrate  of  Glucine. 

The  nitrate  of  glucine  is  a  sweet  tasted  salt,  which  cannot  be 
brought  to  crystallize.  When  evaporated  to  dryness,  it  rapidly  ab- 
sorbs moisture  from  the  atmosphere.  It  is  soluble  in  alcohol.  A 
hifih  temperature  decomposes  it,  without  effecting  its  previous 
fusion. 

Art.  10. — Nitrate  of  Zircon. 

The  nitric  acid  dissolves,  but  cannot  be  saturated  with,  fresh  pre- 
cipitated zircon.  The  solution  has  always  an  excess  of  acid.  When 
evaporated,  it  forms  a  yellowish  transparent  mass,  extremely  tena- 
cious and  viscid,  and  difficultly  dried.  It  has  a  styptic  astringent 
taste,  and  leaves  on  the  tongue  a  thick  substance,  in  consequence 
of  its  partial  decomposition  by  the  saliva.  This  dry  nitrate  is  ex- 
tremely soluble.  The  solution  is  decomposed  by  sulphuric  acid, 
and  by  carbonate  of  ammonia,  which  throw  down  a  precipitate 
soluble  in  an  excess  of  the  acid,  or  of  the  carbonate.  Tincture  of 
galls  forms  a  white  precipitate,  which  is  soluble  in  an  excess  of 
the  tincture. 

Art.    11. — Nitrate  of  Ytlria 

May  be  prepared  by  dissolving  yttria  in  nitric  acid.  The  solu- 
tion has  a  sweetish  astringent  taste  ;  and,  in  most  properties,  re- 
sembles nitrate  of  glucine.  It  can  scarcely  be  obtained  in  crystals; 
and  if  too  great  a  heat  be  applied  during  evaporation,  the  salt  be- 
comes soft,  assumes  the  appearance  of  honey,  and  concretes,  on 
cooling,  into  a  hard  stony  mass.  Exposed  to  the  air,  it  attracts 
moisture,  and  is  resolved  into  a  liquid. 
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SECTION  VI. 

Nitrites. 

The  easiest  mode  of  obtaining  nitrites,  is  to  deprive  the  acid, 
contained  in  the  nitrates,  of  pan  of  its  oxygen,  by  exposure  for  a 
short  time  to  the  temperature  of  ignition.  This  method,  it  must 
be  obvious,  cannot  be  used  with  those  nitrates  that  abandon  their 
acid  on  the  application  of  heat,  or  which,  like  nitrate  of  ammonia, 
are  more  completely  decomposed. 

The  nitrites  may  also  be  composed  by  the  direct  combination  of 
alkaline  and  earthy  bases  with  nitrous  acid,  formed  in  the  mode 
proposed  by  Gay  Lussac,  and  already  described  under  the  article 
nitrous  acid. 

Nitrate  of  potash,  after  ignition  in  a  crucible,  becomes  a  nitrite  of 
that  alkali.  It  emits,  when  powdered,  a  smell  of  nitrous  gas.  When 
diluted  nitric  acid,  or  even  acetic  acid,  is  poured  upon  it,  vapours 
of  nitrous  acid  are  disengaged;  and  hence  it  appears,  that  the  affi- 
nity of  this  acid  for  its  base  is  weakened  by  partial  dis-oxygena- 
tion  ;  for  no  such  effect  arises  on  adding  these  acids  to  the  nitrate. 
The  solution  of  the  salt  in  water  changes  the  syrup  of  violets  to 
green.     Its  other  properties  are  little  known. 


CHAPTER  XIV. 

MURIATIC   ACID—  OXYMURIATIC     ACID    OR    CHLORINE AND    THEIR 

COMPOUNDS. 

There  are  few  subjects,  respecting  which  the  opinions  of  che- 
mists have  undergone  such  frequent  changes,  as  concerning  the 
nature  of  the  muriatic  and  oxymuriatic  acids.  The  view  original- 
ly taken  by  Scheele,  the  illustrious  discoverer  of  the  latter  body, 
was,  that  the  muriatic  acid  is  a  compound  of  a  certain  base  and 
phlogiston;  and  that  it  becomes  oxymui  iatic,  or  as  he  termed  it 
dejihlogisticated  muriatic  acid,  when  deprived  of  that  supposed 
principle  of  inflammability.*  It  was  afterwards  found,  however, 
that  all  bodies,  which  are  capable  of  producing  this  change  in  mu- 
riatic acid,  contain  oxygen,  and  that  their  proportion  of  oxygen  is 
diminished  by  the  process.  It  appeared,  therefore, an  obvious  con- 
clusion, that  muriatic  acid  becomes  oxymuriatic  acid,  by  the  trans- 
fer of  oxygen  from  the  oxide  to  the  acid.  Sir  H.  Davy  was  led,  by 
his  ear'ier  experiments,  to  m  dify,  in  some  degree,  this  view  of  the 
nature  o  muriatic  and  oxymuriatic  acids;  and  to  consider  the  for- 
mer as  a  compound  of  a  certain  basis  with  water,  and  the  latter  as 

*  On  Manganese,  sect,  xxiii.  xxiv. 
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a  compound  of  the  basis  with  oxygen.  This  modification  was  ren- 
dered necessary  by  the  fact,  than  when  a  metallic  oxide  is  heated 
in  muriatic  acid  gas,  oxyrnuriatic  acid  is  formed,  and  water  appears 
in  a  separate  state.  But,  at  a  subsequent  period,  that  philosopher 
was  induced,  by  the  experiments  of  Gay  Lussac  and  Thenard,  as 
well  as  by  his  own,  to  lorm  a  different  theory  on  the  subject.  Oxy- 
rnuriatic acid,  he  considered  as  a  simple  or  undecompoundcd  sub» 
stance  ;  and  muriatic  acid,  as  a  compound  of  oxyrnuriatic  acid  with 
hydrogen.  To  convert  the  muriatic  into  the  oxyrnuriatic  acid,  we 
have  only,  according  to  this  view,  to  abstract  hydrogen  lrom  the 
former;  and  this,  it  is  supposed,  is  all  that  is  effected  by  the  action 
of  those  oxides,  which  are  adapted  to  the  purpose.  Again,  to 
convert  oxyrnuriatic  into  muriatic  acid,  we  have  only  to  sup- 
ply it  with  hydrogen  ;  and  the  simple  mixture  of  one  measure  of 
each  of  those  gases,  by  exposure  for  a  short  time  to  the  sun's  rays, 
affords  two  measures  of  muriatic  acid  gas. 

The  oxyrnuriatic  acid  or  chlorine  (as  Sir  H.  Davy  proposes  to 
call  it,  in  order  to  avoid  all  connection  of  its  name  with  hypothetical 
views)  is  supposed,  also,  to  unite  at  once  with  the  metals,  without 
requiring,  like  the  sulphuric  or  nitric  acid,  that  the  meUls  should 
be  in  the  state  of  oxides.  In  proof  of  this  theory,  it  appears  to  be 
sufficiently  established,  that  no  oxygen  can  be  obtained,  either 
alone,  or  in  combination  with  combustible  bodies  added  for  the 
purpose,  from  the  compounds  of  chlorine  and  metals.  The  ana- 
lyses, however,  of  the  metallic  muriates,  as  they  were  formerly  con- 
sidered, remain  unimpeached  by  this  change  of  theory.  All  that  is 
necessary,  to  transmute  in  idea  a  muriate  into  a  compound  ol  chlo- 
rine, is  to  deduct  the  oxygen  from  the  oxide;  and,  adding  it  to  the 
muriatic  acid,  to  consider  the  sum  as  chlorine.  For  example,  mu- 
riate of  soda,  deprived  of  all  water,  consists 

On  the  old  theory,  of  muriatic  acid    .     .  46 
Soda  composed  of  .    \^S&m    40.1        54 

ICO 

On  the  new  theory  it  consists  of 

Sodium 40.5 

Chlorine,  46 -f  13.5  = 59.5 

100. 

It  is  remarkable  that  there  is  hardly  any  fact,  connected  with  the 
chemical  history  of  the  muriatic  and  oxyrnuriatic  acids,  that  does 
not  admit  of  being  equally  well  explained  upon  either  hypothesis. 
I  have,  therefore,  notwithstanding  the  increase  of  probability  deriv- 
ed, by  the  doctrine  of  chlorine,  from  the  striking  analogy  of  that 
body  with  the  newly  discovered  substance  iodine,  thought  it  unne- 
cessary to  make  so  essential  a  change  in  the  arrangement  of  this 
work,  as  would  be  produced  by  removing  the  oxyrnuriatic  acid  to. 
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the  class  of  simple  substances.  On  the  whole,  the  probabilities  cer- 
tainly appear  to  me  much  in  favour  of  the  new,  or  rather  the  re- 
vived opinion.  But  there  are  still  objections  to  its  implicit  adop- 
tion, which  this  is  not  the  proper  occasion  to  state.  I  shall  only 
observe,  that  not  the  least  important  of  these  objections  is,  the  in- 
stantaneous conversion,  which  the  theory  of  chlorine  supposes,  of 
the  metallic  combinations  of  that  body  into  muriates,  when  they 
are  dissolved  in  water,  the  oxygen  of  which  is  imagined  to  pass,  in 
a  moment,  to  the  metal,  while  the  hydrogen  is  attracted  by  the  chlo- 
rine. In  the  present  state  of  the  enquiry,  indeed,  wc  stand  in  need 
of  some  fact,  which  shall  admit  of  explanation  only  on  one  of  the 
opposed  theories.* 

•  Such  is  the  uncertainty  still  existing,  as  to  the  nature  of  muriatic  and  oxy- 
muriatic  acids,  (although  with  Dr.  Henry  I  am  disposed  to  consider  the  proba. 
bilities  being  "  much  in  favour  of  the  new,  or  rather  the  revived  'pinion,")  that, 
until  some  feet  shall  appear,  admitting  of  explanation  only  on  one  of  the  opposed 
theories,  I  think  speculation  had  better  be  suspended.  It  hau  already  involved 
us  in  such  a  labyrinth  of  new  terms,  that  the  memory  is  oppressed,  and  research 
is  impeded  by  them. 

Dr.  H.  has  very  properly  amended  the  term  new,  applied  above,  to  that  of 
revived;  it  is  certain  that  to  Scheele  the  opinion  is  due,  of  the  simple  nature  of 
oxymuriatic  acid,  if  such  should  finally  be  the  one  received.  Sir  H.  Davy  who 
advocates  the  opinion  of  its  simplicity,  did  not  at  first  give  the  credit  to  Scheele, 
nor  until  Thenard  and  Gay  Lussac  claimed  their  prior  right  to  it  by  18  months. 
He,  surely  could  never  have  meant  to  claim  it  as  his  own  !  Neither  could  the 
other  gentlemen  have  intended  such  an  insult  to  their  readers,  as  to  suppose 
they  had  forgotten  all  the  important  discoveries  of  the  illustrious  Swedish 
chemist ! 

The  following  brief  statement  of  the  reasons  for  considering  the  oxymuriatic 
acid  gas  a  simple  body,  from  Thenard  and  Gay  Lussac's  Recherches  Chemico- 
Physiques,  vol.  2,  159,  may  be  properly  admitted  in  this  place.    C. 


1.  Oxygenated  muriatic  acid  gas,  exposed  alone  to  the  action  of  the  greatest 
heat,  or  to  the  rays  of  the  sun,  undergoes  no  alteration  ;  but  exposed  at  the 
same  time,  to  the  action  of  water,  it  disappears,  and  muriatic  acid  gas  is  obtain- 
ed and  oxygen  gas. 

2.  Hydrogen  gas  combines,  in  an  equal  volume,  with  oxygenated  muriatic  acid 
gas,  and  forms  muriatic  acid  gas,  without  any  water  being  deposited.  This  is 
effected,  slowly  in  the  dark,  but  instantly,  and  with  detonation  in  the  sun. 

3.  Charcoal,  if  pure,h&s  no  action  at  any  temperature,  upon  oxygenated  muriatic 
acid  gas ;  but  if  it  contains  hydrogen,  muriatic  acid  gas  is  formed ;  and  if  it  con- 
tains water,  it  produces  besides,  gaseous  oxyd  of  carbon. 

4.  Phosphorus  absorbs  oxygenated  muriatic  acid  gas,  and  forms  a  peculiar 
fluid. 

5.  This  fluid  is  easily  obtained  by  treating  the  muriats  of  mercury  with  phos- 
phorus :  and  then  the  mercury  is  reduced  without  disengaging  any  muriatic 
acid. 

6.  Sulphur  absorbs  this  gas,  as  phosphorus  does  ;  and  like  that  body,  forms  a 
peculiar  fluid,  discovered  by  Thomson. 

7.  The  metallic  sulphurets- act  upon  this  gas  exactly  as  sulphur  does. 

8.  All  the  metals  are  capable  of  combining  with  oxygenated  muriatic  acid  gas, 
and  of  forming  metallic  muriats.  Some  of  them,  as  those  of  zinc,  iron,  &c.  act 
with  force  on  muriatic  acid  gas,  and  from  this  action,  muriats  result,  similar  to 
the  above,  and  a  quantity  of  hydrogen  gas,  equal  to  half  the  quantity  of  muriatic 
acid  gas  absorbed 
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SECTION  I. 

Muriatic  Acid. 

I.  The  muriatic  acid,  in  its  purest  form,  exists  in  the  state  of  a 
gas,  which  is  permanent  over  mercury  only.  For  exhibiting  its  pro- 
perties, therefore,  a  mercurial  apparatus  is  absolutely  necessary. 


9.  None  of  these  muriats  are  decomposed  by  pure  charcoal,  nor  by  boracic 
acid,  or  acid  phosphal  of  lime,  vitrified. 

10.  On  tiie  contrary,  all  these  are  decomposed  by  the  above  three  substances, 
by  the  aid  of  water,  or  by  hydrogenated  charcoal  alone,  and  consequently  by 
vegetable  and  animal  substances.  With  water  and  charcoal,  we  obtain,  muriatic 
acid  gas  and  gaseous  oxyd  of  charcoal,  and  the  metal  is  reduced.  Water  and 
phosphoric  or  boracic  acids,  give  muriatic  acid  gas,  and  a  phosphat  or  borat. 
With  hydrogenated  charcoal,  or  with  hydrogen  gas,  muriatic  acid  gas  is  procur- 
ed, and  the  metal  is  reduced. 

11.  Muriat  of  barytes,  strontites,  lime,  potash,  soda,  and  magnesia,  perfectly 
dry,  are,  like  the  above  metallic  muriats,  undecomposable  by  vitrified  boracic 
and  phosphoric  acid:  but  they  are  all  immediately  decomposed  by  them,  with 
the  aid  of  the  vapour  of  water ;  there  result,  borats  or  phosphats,  and  muriatic 
acid  gas  : — They  are  not  in  any  case  decomposed  by  charcoal. 

12.  The  same  would  certainly  be  the  case  with  muriat  of  glucine,  yttria,  alu- 
mine,  zircon  andsilex,  if  they  could  be  obtained  free  of  water. 

13.  When  muriatic  acid  gas  and  oxyd  of  lead,  very  dry,  are  brought  in  con- 
tact, at  a  slightly  elevated  temperature,  the  gas  is  absorbed ;  muriat  of  lead 
and  water  are  formed.  The  same  takes  place  with  oxyd  of  silver,  iron,  8cc. 

14.  The  same  results  occur  with  barytes,  lime  and  strontian,  very  dry,  as  with 
oxyd  of  lead. 

15.  Marine  salt  cannot  be  decomposed  at  the  highest  temperature,  by  sand  or 
alumine  ;  but  it  is  effected  easily  by  either,  when  aided  by  the  action  of  water. 
Muriats  of  barytes,  potash,  strontian  and  chalk,  are  in  the  same  case  witli  ma- 
rine salt,  in  respect  to  sand,  alumine  and  water. 

16.  Oxygenated  muriatic  acid  gas, in  contact  with  an  excess  of  liquid  ammonia, 
disappears  ;  forms  a  certain  quantity  of  muriat  of  ammonia  ;  decomposes  besides 
a  certain  quantity  of  the  alkali,  and  gives  place  to  a  disengagement  of  azote 
gas,  equal  in  volume  to  one-third  of  the  oxygenated  muriatic  acid  gas  which 
disappears. 

17.  Sulphurous  acid  gas,  nitrous  gas,  nitrous  oxyd,  have  no  action  on  oxygenat- 
ed muriatic  acid  gas,  if  they  are  dry  :  but  if  moist,  or  in  contact  with  water,  they 
act  suddenly  on  this  acid,  and  give  rise,  the  first  to  sulphuric  acid  and  muriatic 
acid ;  the  second  and  third  to  the  nitrous  acid,  and  perhaps  to  nitric  acid  and 
muriatic  acid. 

18.  The  sulphites  of  lime,  barytes,  &c.  very  dry,  are  not  attacked  by  the  oxy- 
genated  muriatic  acid  dry;  but  how  little  soever  of  water  is  in  this  acid,  it  dis- 
engages the  sulphurous  acid,  and  forms  a  muriat,  and  probably  a  sulpliat. 

19.  When  the  fuming  liquor  of  Libavius,  and  ammoniacal  gas  are  brought  into 
contact  over  mercury,  the  gas  is  absorbed  with  great  heat ;  no  gas  separates, 
and  a  solid  substance  is  produced  of  a  white  colour,  which,  if  heated,  volatilizes 
entirely,  with  dense  and  acrid  fumes.  Whatever  quantity  of  ammonia  is  cm- 
ployed,  the  result,  is  the  same.  One  cannot  then  by  this  means,  separate  the 
oxyd  of  tin  from  the  liquor;  but  if  on  this  liquid,  water  is  poured,  and  ammonia 
be  then  added,  oxyd  of  tin  immediately  precipitates. 

20.  When  phosphorus  is  treated  with  oxygenated  muriatic  acid  gas,  two  com- 
pounds are  obtained  ;  one  liquid,  the  other  solid.  If  the  solid  compound  is 
saturated  by  heat,  with  ammoniacal  gas,  the  action  is  energetic,  the  production 
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To  obtain  muriatic  acid  gas,  let  the  tubulated  gas  bottle  (plate  ii. 
fig.  17)  be  about  one  fourth,  or  one  third,  filled  with  well  dried  mu- 
riate of  soda  (common  salt)  in  lumps,  not  in  pow;ler.  To  this  ad:»pt 
the  acid-holder,  filled  with  concentrated  sulphuric  acid;  and  let  the 
aperture  ot  the  bent  pipe  terminate  under  a  jar  filled  with,  and  in- 
verted in,  quicksilver.  Open  the  communication  between  l he  acid 
and  the  salt,  by  turning  the  cock,  and  immediately  on  the  contact 
of  these  two  bodies,  an  immense  quantity  of  muriatic  acid  gas  will 
be  disengaged.  A  common  or  tubulated  gas  bottle,  or  tubulated 
retort,  will  answer  sufficiently  well  for  procuring  the  gas.  The 
first  portions,  that  come  over,  may  be  allowed  to  escape  under  a 
chimney  ;  because  they  are  contaminated  by  the  admixture  of  the 
common  air  present  in  the  bottle.  The  subsequent  portions  may 
be  preserved  for  use  ;  and  the  pure  gas  will  exhibit  the  following 
qualities  : 

(a)  It  has  a  very  pungent  smell ;  and  is  sufficiently  caustic  to  blis- 
ter the  skin,  when  applied  to  it  for  some  time. 

(b)  When  brought  into  contact  with  common  air,  it  occasions  a 
white  cloud.  This  is  owing  to  its  union  with  aqueous  vapour,  which 
is  always  present  in  the  atmosphere. 

(c)  It  extinguishes  a  lighted  candle.  Before  the  flame  goes  out, 
the  upper  part  of  it  assumes  a  greenish  hue,  the  cause  of  which  has 
not  yet  been  explained.  A  white  vapour  also  surrounds  the  extin- 
guished wick,  owing  to  the  combination  of  water,  produced  by  the 
combustion  of  the  candle,  with  the  muriatic  acid  gas. 

(d)  It  is  heavier  than  common  air.  Biot  and  Gay  Lussac  state 
its  specific  gravity  at  1.278,  and  hence  100  cubic  inches  weigh,  as 
nearly  as  possible,  39  grains;  according  to  Sir  H.  Davy  between  39 
and  40. 

(e)  It  effects  the  liquefaction  of  a  piece  of  ice,  almost  as  rapidly 
as  it  would  be  melted  by  a  red-hot  iron. 

(/)  It  is  very  rapidly  absorbed  by  water.  A  drop  or  two  of  wa- 
ter, admitted  to  a  large  jar  full  of  this  gas,  causes  the  whole  of  it 
instantly  to  disappear.  According  to  Mr.  Kirwan,  an  oUnce-mea- 
sure  troy  of  water  absorbs  800  cubical  inches  (i.  e.  421  times  its 
bulk)  of  muriatic  acid  gas  ;  and  the  water,  by  this'absorption,  is  in- 
creased about  one  third  its  original  volume.  Dr.  Thomson's  ex- 
periments indicate  a  still  larger  absorption,  viz.  515  cubical  inches, 
or  308  grains  by  one  cubic  inch,  equal  to  252  grains,  of  water,  at  60° 
Fahrenheit ;  the  barometer  standing  at  29.4.  Bertholiet  has  shown 
that  100  grains  of  water  absorb  12.467  grains  of  muriatic  acid  gas 

of  heat  is  great ;  and  a  white  opaque  powder  is  produced.  If  this  powder  is  in- 
troduced into  a  green  glass  tube,  and  heated  to  redness,  without  the  contact  of 
air,  nothing  escapes,  and  it  is  not  decomposed;  but  if  heated  with  hydrat  of 
potash  it  is  instantly  decomposed,  ammoniacal  gas  is  separated,  and  a  muriat 
and  phosphat  are  formed. 

21.  Oxygenated  muriatic  acid  gas  re-acts  with  force  on  ammoniacal  gas,  but  in 
this  re-action,  no  water  is  deposited; — 15  or  16  parts  of  oxygenated  muriatic  acid 
gas  absorb" 45  of  ammoniacal  gas  :  giving  rise  1o  dry  muriat  of  ammonia,  and  to 
x  disengagemenl  of  five  or  six  parts  of  azote. 


290  MURIATIC  ACID  GA3.  CHAP.  XIV 

deprived  of  all  redundant  water  by  passing  it  through  a  tube,  sur- 
rounded by  a  freezing  mixture.  By  this  absorption,  we  obtain  an 
acid  of  the  specific  gravity  106 1.4;  and  hence  it  follows  that  acid  of 
this  density  contains,  in  100  grains,  only  8.55  of  real  acid. 

(if)  When  potassium  is  introduced  into  muriatic  acid  gas,  dried 
by  muriate  of  lime,  it  immediately  becomes  covered  with  a  white 
crust ;  it  heats  spontaneously  ;  and,  by  the  assistance  of  a  lamp, 
acquires,  in  some  parts,  the  temperature  of  ignition,  but  does  not 
inflame.  If  the  potassium  and  the  gas  be  in  proper  proportions, 
they  both  entirely  disappear;  a  white  salt  is  formed,  and  a  quanti- 
ty of  pure  hydrogen  gas  is  evolved,  which  is  equal  to  about  one 
third  the  original  volume  of  the  acid  gas.  Eight  grains  of  potas- 
sium, in  an  experiment  of  Sir  H.  Davy,  effected  the  absorption  of 
nearly  twenty-two  cubic  inches  of  muriatic  acid  gas:  and  the 
quantity  of  hydrogen  gas  produced  amounted  to  more  than  eight 
cubical  inches.  It  is  remarkable  that  potassium,  by  its  action  on 
muriatic  acid  gas,  separates  exactly  the  same  quantity  of  hydro- 
gen, as  would  arise  from  its  agency  on  water.  This  has  been  con- 
sidered as  a  proof,  that  the  evolved  hydrogen  has  its  origin  from 
water,  which  the  gas  is  supposed  to  hold  in  combination.  But  the 
phenomena  are  equally  well  explained  by  admitting,  that  muriatic 
acid  is  decomposed  by  the  potassium,  which  seizes  the  chlorine, 
and  sets  the  hydrogen  at  liberty.  And  on  the  corpuscular  theory 
of  Mr.  Dalton,  whether  potassium  act  on  water  or  on  muriatic 
acid,  in  each  case  an  atom  of  hydrogen  will  be  disengaged ;  since 
the  metal  must  attract  to  itself  either  an  atom  of  oxygen  or  of 
chlorine. 

Various  expedients  were  tried,  by  Sir  H.  Davy,  to  obtain  muria- 
tic gas  from  perfectly  dry  materials,  with  the  view  to  determine, 
whether  potassium  is  capable  of  detaching  hydrogen  from  gas  so 
prepared.  But  it  was  found  that  materials,  which  are  capable  of 
affording  it  when  moist,  yield  no  gas  whatsoever,  when  in  a  per- 
fectly dry  state.  None,  for  example,  could  be  obtained  by  strong- 
ly heating  a  mixture  of  dry  phosphoric  or  boracic  acid  with  dry 
muriate  of  lime.  This  would  appear,  on  first  view,  favourable  to 
the  opinion  that  water  is  essential  to  tho  constitution  of  muriatic 
gas  But  it  is  equally  consistent  with  the  theory  of  chlorine,  for 
it  is  by  the  combination  of  chlorine  with  the  hydrogen  contained 
in  water,  that  the  advocates  of  the  new  theory  explain  the  forma- 
tion of  muriatic  acid  gas,  under  ordinary  circumstances 

(A)  When  muriatic  acid  gas  is  electrified  in  contact  only  with 
glass,  oxymuriatic  acid  and  hydrogen  gases  are  found,  after  the 
experiment,  in  quantity  never  exceeding  Xth  the  original  bulk  of 
the  gas.  This  result  may  either  be  explained  by  supposing  that 
the  water  of  muriatic  acid  gas  is  decomposed,  and  that  the  oxy- 
gen unites  with  the  acid,  while  the  hydrogen  is  liberated ;  or  it 
may  be  accounted  for  on  the  new  theory,  which  requires  nothing 
more  than  the  separation  of  the  chlorine  and  hydrogen,  constitut- 
ing muriatic  acid,  by  the  agency  of  the  electric  fluid.  When  the 
experiment  is  made  over  mercury,  the  chlorine  unites  with  that 
metal,  and  a  mixture  of  muriatic  acid-  and  hydrogen  gases  remains. 
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(0  When  muriatic  acid  gas  and  oxygen  gases  are  electrified  to- 
gether, oxymuriatic  acid  is  formed,  directly,  as  the  old  theory 
would  explain,  by  the  union  of  the  acid  with  oxygen;  or,  as  the 
theory  oi  chlorine  teaches,  the  oxygen  unites  with  the  hydrogen  of 
muriatic  acid  gas,  and  merely  liberates  oxymuriatic  acid. 

(£)  Wiien  a  small  piece  of  barytes  or  strontites,  obtained  by  the 
decomposition  of  the  nkrate,  and  therefore  free  from  water,  is 
heated  by  means  of  a  spirit  lamp,  in  a  retort  filled  with  muriatic 
acid  gas,  the  gas  is  first  dilated,  and  is  then  rapidly  absorbed. 
The  barytes  or  strontites  becomes  red-hot,  and  the  muriate,  which 
is  produced,  runs  into  fusion.*  At  the  close  of  the  experiment,  a 
sensible  quantity  of  water  is  condensed.  This  may  either  have 
pre-existed  in  the  muriatic  acid  gas,  or  it  may  have  been  formed, 
by  the  union  of  the  hydrogen  of  the  acid,  with  the  oxygen  of  the 
earth  which  has  been  employed. 

Process  for  fire  flaring  Liquid  Muriatic  Acid. 

Into  a  tubulated  retort,  placed  in  a  sand  bath,  put  eight  parts  of 
dried  muriate  of  soda;  and,  to  the  tubulure,  lute  the  bent  tube 
(hg  26,  a)  with  fat  iute.  To  tne  neck  of  the  retort,  affix  a  tubu- 
lated receiver  (fig.  30,  b)  by  means  of  the  same  lute  ;  and  to  the 
aperture  of  this  adapt  a  tube,  twice  bent  at  right  angles,  and  fur- 
nished with  Welter's  contrivance  for  preventing  absorption  (fig. 
31,  b),  the  longer  leg  of  which  terminates  beneath  the  surface  of 
water  contained  in  a  two-necked  bottle.  From  the  other  neck,  let 
a  second  right-angled  pipe  proceed  ;  and  this  may  terminate  in  a 
similar  manner,  in  a  second  bottle  containing  water ;  the  total 
quantity  of  which,  in  all  the  bottles,  may  be  about  five  parts.  Let 
the  junctures  be  all  carefully  luted  ;  and,  when  they  are  sufficient- 
ly hardened,  pour  very  gradually  through  the  bent  tube  five  and  a 
half  parts  by  weight  of  strong  sulphuric  acid,  making  the  additions 
at  several  distant  intervals.  On  each  affusion  of  the  acid  a  large  quan- 
tity of  muriatic  acid  gas  will  be  liberated,  and  will  be  absorbed  by  the 
water  of  the  first  bottle,  till  this  has  become  saturated.  It  will  then 
pass  on  to  the  second  bottle,  and  be  there  absorbed.  The  water  em- 
ployed may  amount  to  half  the  weight  of  the  salt,  and  may  be  equal- 
ly distribute  d  between  the  two  bottles.  These  it  is  better  to  surround 
with  cold  water,  or,  still  preferably,  with  ice  or  snow ;  because  the 
condensation  of  the  gas  evolves  considerable  heat,  which  prevents 
the  water  from  attaining  its  full  impregnation.  When  the  whole 
of  the  sulphuric  acid  has  been  added,  and  the  gas  no  longer  issues, 
let  a  fire  be  lighted  in  the  furnace,  beneath  the  sand-bath,  removing 
the  bent  tube  a,  and  substituting  a  well-ground  glass  stopper. 
This  will  renew  the  production  of  gas;  and  the  temperature  must 
be  preserved,  as  long  as  gas  continues  to  be  evolved.  At  this  pe- 
riod it  is  necessary  to  keep  the  luting,  which  connects  the  retort 
and  receiver,  perfectly  cool ;  otherwise  it  will  be  apt  to  melt.  To 
this  juncture,  indeed,  I  prefer  the  application  of  the  clay  and  sand 
lute  ;  but  to  apply  this  properly  requires  some  practice.     Towards 

•  Chevreul.  84  Ann.  de  Chim.  285, 
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the  close  of  the  process,  a  dark-coloured  liquid  is  condensed  in  the 
first  receiver,  consisting  of  a  mixture  of  sulphuric  and  muriatic 
acias.  When  nothing  more  conies  over,  the  operation  may  be 
suspended,  and  the  liquid  in  the  two  bottles  must  be  preserved  ia 
bottles  with  ground  stoppers.  It  consists  of  liquid  muriatic  acid. 

The  liquid  muriatic  acid  may  also  be  obtained  by  diluting  the 
sulphuric  acid  with  the  water  necessary  for  the  condensation  of  the 
gas,  and  adding  the  dilute  acid,  when  cold,  to  tne  salt  in  the  retort. 
To  i he  retort,  an  adopter  may  be  luted  with  the  clay  and  sand  lute; 
and  tins  may  terminate  in  a  large  tubulated  receiver,  from  the  aper- 
ture of  which  a  right-angled  Welter's  tube  is  conveyed  beneath  a 
few  ounces  of  water,  contained  in  a  two-necked  bottle.  A  fire  must 
then  be  lighted  under  the  sand-bath,  and  continued  as  long  as  any 
liquid  comes  over.  The  adopter  and  receiver  must  be  kept  cool, 
by  the  constant  application  of  moistened  cloths. 

The  proportions,  directed  by  the  London  College  of  Physicians, 
in  their  Pharmacopoeia  of  1809,  are  those  recommended  by  Vau- 
quelin,  viz.  four  parts  of  dried  salt,  three  of  sulphuric  acid,  and 
three  of  water,  of  which  last  one  third  is  to  be  employed  in  diluting 
the  acid,  and  two  thirds  to  be  put  into  the  receiver.  Mr  R.  Phillips, 
however,  finds  that  the  water  and  acid  are  in  unnecessary  excess; 
and  that  the  most  economical  proportions  are  32  parts  of  salt,  and 
21.9  (say  22)  of  sulphuric  acid,  of  density  1.850,  which  may  be  di- 
luted with  one  third  its  weight  of  water,  the  remaining  two  thirds 
being  placed,  as  before,  in  the  receiver.*  The  weight  of  the  acid 
produced  should  equal,  or  a  little  exceed,  that  of  the  salt  employed. 

If  the  muriatic  acid,  thus  obtained,  should  contain  sulphuric  acid, 
which  may  be  discovered  by  muriate  of  barytes  occasioning  a  white 
precipitate,  the  acid  is  to  be  re-distilled  from  a  fresh  portion  of  mu- 
riate of  soda.  When  prepared  by  Woulfe's  apparatus,  the  product 
in  the  second  bottle  is  always  perfectly  pure. 

The  acid,  formed  by  the  process  of  the  College,  has  the  specific 
gravity  only  of  about  1.142;  that  of  commerce  is  generally  about 
1.156  ;  but  by  Woulfe's  apparatus,  and  especially  when  the  bottles 
are  surrounded  by  ice  or  snow,  it  approaches  1.500.  A  fluid  ounce 
of  the  specific  gravity  1.142  dissolves  204  grains  of  marble  ;  and  the 
same  quantity  of  sp.  gr.  1.174  decomposes  240  grains.  The  inter- 
mediate degree  of  specific  gravity,  however,  which  has  been  men- 
tioned, is  best  adapted  for  keeping;  for  the  denser  acid  emits 
a  large  quantity  of  fumes,  which  are  extremely  inconvenient  and 
injurious  to  all  metallic  instruments. 

The  caput  mortuum  consists  of  sulphate  of  soda  with  some  un- 
decomposed  muriate  of  soda.  The  former  may  be  obtained,  in  a 
crystallized  form,  by  first  driving  off,  by  a  strong  heat,  the  excess 
of  sulphuric,  acid  that  adheres  to  it;  and  then  dissolving  it  in  hot 
water  The  product  of  sulphate  of  soda  exceeds  that  of  the  mu- 
riate employed  in  the  proportion  of  about  eight  to  five. 

Liquid  muriatic  acid  has  the  following  properties: 

1.  It   emits    white   suffocating   fumes.     These    consist  of  mu- 

*  On  the  London  Pharmacop.  p.  10 
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riatic  acid  gas,  which  becomes  visible  by  contact  with  the  moisture 
of  the  air. 

2.  When  heated  in  a  retort,  or  gas  bottle,  muriatic  acid  gas  is 
disengaged,  anci  may  be  collected  over  mercury. 

3  Liquid  muriatic  acid  is  not  decomposed  by  the  contact  of  char- 
coal, essential  oiis,  or  other  combustible  bodies. 

4.  Wnen  diluted  with  water,  no  remarkable  elevation  of  tempera- 
ture is  produced. 

5.  In  a  perfectly  pure  state  it  is  quite  colourless;  but  it  has  fre- 
quently a  yellowish  hue.  This  may  proceed,  either  from  a  portion 
ot  oxy muriatic  acid,  or  of  muriate  ofiion,but  most  commonly  of  the 
latter.  This  colour  is  instantly  destroyed  by  a  few  drops  of  muriate 
of  tin  ;  but  this  addition,  instead  of  diminishing,  increases  the  im- 
purity of  the  acid. 

6  Muriatic  acid  combines  readily  with  alkalis,  and  with  most  of 
the  earths,  both  in  their  pure  and    carbonated  states. 

7.  Liquid  muriatic  acid  is  specifically  heavier  than  water.  The 
correspondence  between  its  specific  gravity,  and  the  quantity  of 
real  acid,  which  it  contains,  is  shown  by  the  following  Table,  given 
by  Sir  H.  Davy  in  his  Elements  of  Chemical  Philosophy.  It  is  con- 
structed from  experiments  made  with  great  care  by  Mr.  E.  Davy 
in  the  Laboratory  of  the  Royal  Institution. 

Table  showing  the  Quantity  of  real  Acid  in  Liquid  Muriatic  Acid  of 
different  Specific  Gravities.  {Temp..  45°  Faht.  Barom.  30.) 


•Specific 

100  Grains  contain  of 

Specific 

lub  Grains  contain  of 

Gravity. 

Muria'.ic  Acid  Gas. 

Gravity. 

Muriatic  Acid  Gas. 

1.21 

42.43 

1.10 

20.20 

1.20 

40.80 

1.09 

18.18 

1.19 

38.38 

1.08 

16.16 

1.18 

36.36 

1.07 

14.14 

1.17 

34.34 

1.06 

12.12 

1.16 

32.32 

1.05 

10.10 

1.15 

30.30 

1.04 

8.08 

1.14 

28.28 

1.03 

6.06 

1.13 

26.26 

1.02 

4.04 

1.12 

24.24 

1.01 

2.02 

1.11 

22.3 

SECTION  II. 

Oxymuriatic  Acid,  or  Chlorine  Gas. 

I.  This  gas  may  be  formed  by  either  of  the  following  pro- 
cesses : 

Process  1.  Into  a  stoppered  retort  introduce  eight  ounces  of  li- 
quid muriatic  acid,  and  four  ounces  of  finely  powdered  manganese, 
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and  apply  the  heat  of  a  lamp.  A  gas  will  be  produced,  which  may 
be  received  over  water  in  the  usual  manner.  From  the  foregoing 
materials  about  160  cubical  inches  of  gas  may  be  obtained. 

Process  2.  Mix  eight  ounces  of  muriate  of  soda  (common  salt) 
with  three  ounces  of  powdered  manganese  ;  put  them  into  a  stop- 
pered retort,  and  pour  on  them  four  ounces  of  sulphuric  acid,  which 
have  been  diluted  previously  with  four  ounces  of  water,  and  suffer- 
ed to  cool  after  dilution.  Or  the  proportions  recommended  by  The- 
nard  may  be  employed,  viz.  1750  muriate  of  soda,  450  oxide  of 
manganese,  water  and  sulphuric  acid  each  800.  On  applying  a  gen- 
tle heat  gas  will  be  produced,  as  in  process  1.  But  as  the  gas  is 
absorbed  by  contact  with  water,  though  not  rapidly,  it  should  be  re- 
ceived, when  it  is  intended  to  be  kept,  in  bottles  filled  with,  and  in- 
verted in,  water  of  the  temperature  of  80°  or  90°  Faht.  and  provid- 
ed with  accurately  ground  stoppers.  The  stoppers  must  be  intro- 
duced under  water,  while  the  bottle  remains  inverted,  and  no  water 
must  be  left  in  the  bottle.* 

II.  Oxymuratic   acid  gas  has  the  following  properties  : 

(a)  It  has  a  yellowish  green  colour;  and  this  property  has  sug- 
gested the  name  chlorine.} 

{b)  It  has  a  pungent  and  suffocating  smell.  In  experiments  on 
this  gas,  great  care  should  be  taken  that  it  does  not  escape,  in  any 
considerable  quantity,  into  the  apartment ;  for  its  action  on  the 
lungs  is  extremely  injurious  and  oppressive.^ 

*  The  animal  economy,  possesses  in  some  way,  the  power  of  decomposing 
the  muriat  of  soda  in  sea  water,  and  of  setting  free  the  oxymuriatic  acid.  Inca- 
pable as  I  am  of  explaining  it,  I  am  nevertheless  fully  satisfied  of  the  fact. 
More  than  once  when  bathing  in  the  sea,  and  long  before  I  had  any  knowledge 
of  chemistry,  I  was  sensible  of  a  very  singular  and  uncommon  smell,  on  emerg- 
ing from  the  waves  ;  nor  did  I  ever  meet  with  the  same  in  any  other  situation, 
until  1  attended  a  course  of  lectures  for  the  first  time.  The  peculiar  odour  of 
the  oxymuriatic  gas,  is  such,  as  at  once  to  recognise  it  by  ;  and  this  I  did  on  first 
inhaling  it.  Nor  have  I  ever  failed  to  admit  its  claim  to  my  early  acquaintance, 
whenever  I  have  been  engaged  in  its  pursuit.  I  have  likewise  been  assured  by 
a  friend,  to  whom  the  oxymuriatic  gas  is  very  familiar,  that  he  had  experienced 
the  same  sensation  which  I  have  described,  when  bathing  in  the  sea  ;  although 
it  had  never  been  the  subject  of  consideration  until  I  had  called  his  attention 
to  it.     C. 

f  From  %Xeopos,  green. 

i  The  celebrated  chemist  Pelletier,  is  well  known  to  have  fallen  a  victim  to 
his  temerity  in  respiring  this  gas.  It  induced  a  rapid  consumption,  which  at  an 
early  period  of  life,  hurried  him  to  the  grave.  Froma  ccidentally  respiring  it  some 
years  ago,  by  the  fracture  of  a  retort  and  receiver  filled  with  it,  it  produced  in 
myself,  all  the  effects  of  a  violent  pneumonia,  accompanied  with  a  copious  ex- 
pectoration for  nearly  a  fortnight,  and  the  weakness  induced  in  my  lungs,  did  not 
completely  terminate  under  a  month  or  six  weeks.  The  first  effect  of  the  gas,  was 
to  excite  a  most  powerful  constriction  of  the  glottis,  and,  as  it  seemed  to  my  feel- 
ings, of  the  lungs  themselves,  with  an  absolute  inability  to  effect  a  full  inspira- 
tion. This  inability  continued  to  augment,  my  pulse  became  weak  and  thread- 
like, the  consequence  of  depression;  and  an  asthmatic  cough,  ensued,  with  disposi- 
tion to  vomit.  The  symptoms  were  not  mitigated  by  free  exposure  to  a  purer  air ; 
and  I  obtained  no  relief  until  I  lost  at  once,  nearly  thirty  ounces  of  blood.  The 
blood  was  black,  and  approached  to  that  state  called  dissolved,  so  common  in 
malignant  fevers.  The  pulse  rose  by  the  evacuation,  and  the  colour  of  the  blood 
became  more  florid  whilst  the  last  portions  were  flowing  from  my  arm.    A  sense 
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(c)  It  is  heavier  than  common  air  (taking  the  statement  of  Gay 
Lussac)  in  the  proportion  of  2470  to  1^00  ;  and  100  cubic  inches 
should,  therefore,  weigh  75.33  grains.  SirH.  Davy  finds  them  to 
weigh  between  76  and  77  grains,  at  a  mean  temperature  and  pres- 
sure. 

(rf)  By  a  temperature  of  -j-  40°  Fahrenheit,  it  is  reduced  into  a 
liquid  form,  and  is  condensed  on  the  sides  of  the  vessel.  But  if  the 
gas  be  previously  dried  by  exposure  to  muriate  of  iime,it  bears  a 
cold  of  40°  below  0  without  condensation.* 

When  a  receiver,  filled  with  this  gas  not  artificially  dried,  is 
surrounded  by  snow,  or  pounded  ice,  the  gas  forms  on  its  inner  sur- 
face a  solid  concretion,  of  a  yellowish  colour,  resembling,  in  its 
ramifications,  the  ice  which  is  deposited  on  the  surface  of  windows 
during  a  frosty  night.  By  a  moderate  increase  of  heat,  such  as  to 
30°  Fahrenheit,  this  crust  melts  into  a  yellowish  oily  liquid,  which, 
on  a  farther  elevation  of  temperature,  passes  to  the  state  of  a  gas. 

(e)  Oxymuratic  acid  gas,  in  its  ordinary  slate,  destroys  all  vege- 
table colours.  This  may  be  shown  by  passing,  into  the  gas  confined 
by  water,  a  piece  of  paper  stained  with  litmus,  the  colour  of  which 
will  immediately  disappear.  Hence  the  application  of  this  gas  to 
the  purpose  of  bleaching,  its  power  of  effecting  which  may  be 
shown  by  confining,  in  the  gas,  a  pattern  of  unbleached  calico. 
Chlorine  gas,  however,  which  has  been  carefully  dried  by  solid 
muriate  of  lime,  and  into  which  perfectly  dry  litmus  paper  is  in- 
troduced, produces  no  change  of  colour  in  the  litmus,  a  sufficient 
proof  that  its  bleaching  power  depends  on  the  presence  of  water. 

(/)  This  gas  is  absorbed  by  water;  slowly,  if  allowed  to  stand 
over  it  quiescent,  but  rapidly  when  agitated. 

1.  The  best  method  of  effecting  the  impregnation  of  water  with 
this  gas,  is  by  means  of  a  Woulfe's  apparatus,  the  bottles  of  which 
should  be  surrounded  by  ice-cold  water. |  The  quantity  of  the  gas, 

of  pain  and  oppression  continued  however,  during  the  remainder  of '.lie  day  and 
night,  with  restlessness  and  tossing,  accompanied  by  quick  and  small  respiration; 
and  followed  by  considerable  cough  and  copious  expectoration  for  several  days. 
I  have  no  doubt  the  copious  bleeding  tended  to  obviate  an  affection  of  my  lungs; 
which  would  probably  have  terminated  in  phthisis. 

I  have  likewise  experienced  the  very  rapid  action  of  Uiis  extraordinary  agent, 
on  the  Schneiderian  membrane,  which  is  not  less  remarkable  in  exciting  cor)' za, 
than  in  its  action  just  mentioned.  By  incautiously  drawing  up  into  my  mouth  a 
quantity  of  water  fully  impregnated  with  the  gas,  it  was  diffused  instantly  over 
the  fauces,  and  back  partofthe.nares;  and  in  less  than  one  quarter  of  an  hour, 
I  was  under  the  complete  influence  of  a  violent  catarrh  or  coryza,  equal  to  any 
I  have  ever  experienced  from  the  usual  exciting  causes  of  that  complaint.  It  con- 
tinued with  unremitting  violence  for  about  two  hours,  and  then  gradually  sub- 
sided ;  leaving  a  considerable  sense  of  soreness  for  several  hours. 

I  have  stated  the  above  facts  with  the  hopes  that  they  may  render  all,  who  ex* 
periment  on  this  substance,  cautious  in  their  proceedings.     C. 

*  Sir  H.  Davy,  Phil.  Trans.  1811,  p.  30 

f  A  very  simple  and  efficacious  mode  of  effecting  the  impregnation  of  water 
with  this  gas,  is  by  means  of  a  tubulated  retort,  whose  beak  is  plunged  beneath 
3  body  of  water  in  a  tubulated  receiver;  the  water  passes  some  distance  up  the 
neck  of  the  retort,  and  as  the  pressure  of  the  gas  evolved,  increases,  slowly  de- 
scends into  the  receiver ;  the  gas  there  escapes,  but  finds  an  obstacle  to  its  pas- 
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which  water  is  capable  of  absorbing,  appears,  from  the  concurrent 
testimony  of  Davy  and  Dalton,  to  be  twice  its  bulk  According  to 
the  proportions  stated  by  berthollet,  1000  grains  of  water,  at  tlie 
temperature  of  43°  Fahrenheit,  take  up  lw73  grains  of  the  gas,  and 
acquire  the  specific  gravny  of  1003. 

2.  Tne  watery  solution,  if  perfectly  free  from  common  muriatic 
acid,  has  not  the  usual  taste  of  an  acid,  but  an  astringent  one.  Its 
purity  from  muriatic  acid  may  be  ascertained  by  a  solution  of  ni- 
trate of  mercury,  which  is  precipitated  by  the  Common,  but  not  by 
the  oxygenized  acid. 

3.  Tlie  watery  solution  has  the  colour  and  peculiar  smell  of  the 
gas,  and  has  a  similar  property  of  discharging  vegetable  colours. 
Hence  it  may  be  employed  in  bleaching. 

After  having  exerted  this  effect,  it  will  be  found  changed  into 
common  muriatic  acid.  This  is  explained,  on  the  old  theory,  by 
its  giving  up  oxygen  to  the  colouring  matter  of  the  cloth.  , But  on 
the  theory  of  chlorine,  the  oxygen  is  supposed  to  be  derived  from 
water,  the  hydrogen  of  which  passes  to  the  chlorine  and  composes 
muriatic  acid. 

4.  When  the  watery  solution  is  exposed  to  a  temperature  a  little 
above  that  of  freezing  water,  the  gas,  which  is  combined  with  it, 
separates  in  the  form  of  a  liquid,  heavier  than  water. 

5.  The  oxygenized  acid  is  not  decomposed  by  the  temperature 
of  boiling  water;  for  it  may  be  raised  in  distillation,  and  again  con- 
densed without  change. 

6.  When  this  solution  is  exposed  to  the  direct  rays  of  the  sun, 
oxygen  gas  is  obtained,  and  the  acid  passes  to  the  state  of  muriatic 
acid,  either  because,  according  to  the  old  theory,  its  oxygen  be- 
comes gaseous  by  the  agency  of  light ;  or  because,  as  the  new  the- 
ory supposes,  water  is  decomposed,  the  chlorine  uniting  with  its 
hydrogen,  and  its  oxygen  being  set  free. 

Chlorine  is  susceptible  of  combination  with  various  other  bodies, 
and  the  compounds  possess,  in  many  instances,  remarkable  proper- 
ties. 

Chlorine  ivith   Oxygen,  Euchlorine. 

When  hyper-oxymuriate  of  potash  (a  salt  which  will  be  after- 
wards described)  is  distilled,  at  a  gentle  heat,  with  weak  muriatic 
acid,  and  the  gas  is  received  over  mercury,  it  is  found  to  differ  es- 
sentially from  chlorine.  Its  colour  has  a  dense  tint  of  brilliant  yel- 
low green  ;  and  its  smell  resembles  that  of  burnt  sugar,  mixed 
with  the  peculiar  smell  of  oxymuriatic  acid.  Water  seems  to  take 
up  eight  or  ten  times  its  volume,  and  acquires  an  orange  tinge.    It 

sage  into  the  atmosphere,  by  means  of  a  tube  of  safety  fixed  in  the  tubulure, 
containing  a  small  column  of*  water.  Should  the  evolution  of  the  gas  diminish, 
the  water  passes  slowly  up  the  neck  of  the  retort,  until  its  beak  is  exposed ;  a 
body  of  air  from  the  receiver  then  rushes  up,  and  displaces  tlie  water.  The  re- 
tort and  receiver  are  to  be  luted  together  with  common  bees  wax.  I  have  by  this 
contrivance  impregnated  alkaline  solutions,  and  formed  the  oxymuriates.  A 
plan  of  the  apparatus  is  given  in  the  10th  plate.    C. 
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has  been  called  by  its  discoverer,  Sir  H.  Davy,  Euchloric  gas,  or 
simply  Euchlorine.  Gay  Lussac  has  proposed  for  it  the  name  of 
oxide  of  chlorine. 

Euchlorine  explode*.by  a  gentle  heat,  applied  to  the  vessel  which 
contains  it,  and  five  parts  in  volume  become  six,  consisting  of  a 
mixture  of  oxygen  and  chlorine  gases,  in  such  proportions  that 
euchlorine  must  be  composed  of  two  in  volume  of  chlorine  and  one 
of  oxygen,  the  latter  being  condensed  into  half  its  bulk,  or  by 
weight  of 

Chlorine     .     .     .     81.44     .     .     .     100. 
Oxygen      .     .     .     18.56     .     .     .       22.79. 


100. 

These  proportions  indicate  that  euchlorine  is  constituted  of  one 
atom  of  chlorine  33.5  +  one  atom  of  oxygen  7.5,  and  hence  its  atom 
must  weigh  41. 

When  detonated  with  twice  its  volume  of  hydrogen  gas,  there  is 
an  absorption  of  more  than  two  thirds  of  the  mixture,  and  liquid 
muriatic  acid  is  formed. 

Mercury  has  no  action  on  euchlorine  at  common  temperatures. 
Antimony  and  copper  burn  in  it,  if  introduced  previously  heated. 
Sulphur  and  phosphorus  decompose  it ;  and  charcoal  already  ignit- 
ed burns  in  it  with  a  dull  red  light.  Nitrous  gas  condenses  it  with 
red  fumes. 

Euchlorine  destroys  vegetable  colours  ;  but  it  first  gives  the  blue 
a  tint  of  red. 

In  almost  all  cases  of  vivid  combustion,  there  is  a  condensation 
of  the  bodies  which  unite,  but  in  the  decomposition  of  euchlorine 
by  heat,  we  have  the  remarkable  phenomenon  of  an  explosion,  ac- 
companied with  heat  and  light,  and  an  expansion  of  the  elements, 
which  are  separated  from  each  other.* 

Another  new  compound  of  chlorine  and  oxygen  containing  a 
larger  proportion,  than  euchlorine,  of  the  latter  element,  has  re- 
cently been  discovered  by  Sir  Ii.  Davy  t  To  procure  it,  50  or  60 
grains  of  the  powdered  hyper-oxymuriate  of  potash  are  to  be  mix- 
ed with  a  small  quantity  of  sulphuric  acid.  When  thoroughly  in- 
corporated, a  solid  mass  will  result,  of  a  bright  orange  colour.  This 
is  to  be  introduced  into  a  small  retort  of  glass,  which  is  to  be  ex- 
posed to  the  heat  of  water  gradually  warmed,  but  prevented  from 
attaining  the  boiling  point,  by  an  admixture  of  spirit  of  wine.  The 
gas  may  be  received  over  mercury,  on  which  it  has  no  action  at 
common  temperatures. 

It  has  a  much  more  brilliant  colour  than  euchlorine  ;  is  much 
more  rapidly  absorbed  by  water  ;  and  has  a  peculiar  aromatic  smell, 

*  Although  remarkable, \\.\s  not  singular,  lor  the  compound  next  mentioned, 
expands  even  more  than  this  ;  and  the  expansion  of  the  constituents  of  gun-pow- 
der, has  already  been  adverted  to.  They  are  all,  strictly,  subversive  of  some  of 
the  fine-spun  il  »ctrines  of  caloric.     C. 

-  Phil.  Trans.  181$  Part  II. 

pp 
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not  mixed  with  any  smell  of  chlorine.  It  destroys  vegetable  blue 
colours,  without  first  reddening  them.  When  heated  to  about  212° 
Fahrenheit,  it  explodes  with  more  violence,  and  a  greater  expan- 
sion of  voiume,  than  euchionne,  producing  much  light.  After  ex- 
plosion over  mercury,  from  2.7  to  2.9  volumes  appear,  for  every 
two  of  gas  decomposed ;  and,  of  these,  two  are  oxygen  and  the  rest 
chlorine.  A  little  chlorine  is  absorbed,  however,  by  the  mercury, 
and  it  is  reasonable  to  conclude  that  the  deep  yellow  gas  is,  in  rea- 
lity, composed  of  two  in  volume  of  oxygen,  and  one  of  chlorine, 
condensed  into  two  volumes.  If  this  be  correct,  the  gas  will  con- 
sist, by  weight,  ot  one  atom  of  chlorine  33.5,  and  four  atoms  of  ox- 
ygen 30,  and  its  atom  will  weigh  63  5. 

It  is  decomposed,  at  common  temperatures,  by  no  combustible 
body,  except  phosphorus,  which  occasions  an  explosion  when  in- 
troduced into  it,  and  burns,  in  the  liberated  gases,  with  great  bril- 
liancy. 

Its  saturated  solution  in  water  is  of  a  deep  yellow  colour.  It 
does  not  taste  sour,  but  extremely  astringent  and  corroding  ;  and  it 
leaves  on  the  tongue  a  disagreeable  and  lasting  impression.  We 
have,  therefore,  no  compound  of  chlorine  and  oxygen,  possessed 
of  acid  properties  ;  and,  till  this  is  obtained,  it  is  not  (as  Sir  H.  Da- 
vy observes)  correct  to  say  that  chlorine  is  capable  of  being  acidi- 
fied by  oxygen.* 

Chlorine  with  Nitrogen. 

Chlorine  and  nitrogen  gases  have  no  action  on  each  other;  but 
a  compound  of  chlorine  and  nitrogen  may  be  formed,  by  passing  the 
former  gas  through  a  solution  of  nitrate  of  ammonia,  or  of  almost 
any  ammoniacal  salt,  of  the  temperature  of  40°  to  50°  Fahrenheit. 
The  gas  is  rapidly  absorbed,  and  a  film  appears  on  the  surface, 
which  soon  collects  into  yellowish  drops,  that  sink  to  the  bottom  of 
the  liquor. 

This  yellowish  and  oily  fluid  is  the  most  powerfully  detonating 
compound  with  which  we  are  acquainted.  When  gently  warmed, 
it  explodes  with  so  much  violence,  that  it  is  not  safe  to  employ  a 
quantity  larger  than  a  grain  of  mustard  seed.  Its  discoverer,  M. 
Dulong,t  was  severely  wounded  in  his  first  experiments  on  this 
substance  ;  and  Sir  H.  Davy  had  a  serious  injury  done  to  his  eyes 
in  repeating  them.  It  is  expedient,  therefore,  to  proceed  with 
great  caution. 

When  a  globule  of  this  fluid  is  thrown  into  olive  oil,  turpentine, 
or  naphtha,  it  explodes  even  without  heat,  and  so  violently,  as  to 

*  I  do  not  know  whether  this  compound  lias  been  named  by  Sir  II.  Dayy. 
The  term  given  to  the  euchlorine  of  Sir  II.  Davy,  by  Gay  Lussac,  of"  oxyd  of 
chlorine,  appears  to  be  better  calculated  to  subserve  the  interest  of  science. 
And  since  the  gas  under  notice  is  an  oxyd  of  superior  oxygenation,  we  should 
call  the  former  protoxyd  of  chlorine,  and  the  latter  peroxyd  of  chlorine — thrt'. 
is,  if  none  of  still  higher  oxygenation  is  discovered      C. 

f  See  An.  deChim.vol.  85. 
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shatter  any  glass  vessel.  The  same  effect  ensues,  when  it  touches 
phosphorus,  or  pliosphonzed  alcohol  or  ether;  but  pure  alcohol 
seems  to  deprive  it  of  its  explosive  property,  and  renders  it  a  white 
oily  matter. 

The  specific  gravity  of  the  fluid,  Sir  H.  Davy  has  determined  to 
be  1.653,  water  being  I.  It  is  not  congealed,  by  exposure  to  the 
cold  prodqeed  by  snow  and  muriate  of  lime. 

The  products  of  its  detonation  are  chlorine  and  nitrogen  gases, 
but  it  is  impossible  to  determine  the  bulk  of  these  elements  which 
arc  afforded  by  a  given  weight.  The  best  method  of  analyzing  it, 
is  by  its  action  on  mercury,  which  unites  with  the  chlorine,  and 
sets  the  nitrogen  free.  From  various  experiments  of  this  kind,  Sir 
H.  Davy  concludes  that  it  is  composed  of  four  in  volume  of  chlo- 
rine to  one  in  volume  of  nitrogen,  or  of 

Chlorine 912 

Nitrogen 8.8 

100. 

These  proportions  correspond  best  with  the  opinion,  that  it  is 
constituted  of  one  atom  of  nitrogen  to  two  atoms  of  chlorine :  but 
the  coincidence  is  not  so  exact,  as  in  the  case  of  some  other  com- 
pounds, and  the  analysis  requires  confirmation. 

Chlorine  with  Hydrogen. 

Chlorine  acts  upon  hydrogen  either  silently  or  with  detonation, 
accordingly  as  the  experiment  is  conducted. 

1.  Let  a  phial,  provided  with  a  well-ground  stopper,  be  com- 
pletely filled  with  a  mixture  of  hydrogen  gas,  and  oxy-muriatic 
gas,  in  equal  bulks.  Put  the  stopper  into  its  place,  and  keep  the 
bottle,  24  hours,  inverted  with  its  mouth  under  water.  On  with- 
drawing the  stopper  under  water,  nearly  the  whole  of  the  gas  will 
have  disappeared  ;  and  the  remainder  will  be  absorbed  by  the  con- 
tact of  the  water. 

2.  Mingle,  in  the  detonating  tube,  (fig.  28  or  29  )  equal  volumes 
of  hydrogen  gas  and  of  oxy-muriatic  gas.  When  an  electric  spark 
is  passed  through  the  mixture,  a  detonation  will  ensue,  and  nearly 
the  whole  will  be  absorbed.  But  if  the  gases  have  been  carefully 
dried  by  exposure  to  solid  muriate  of  lime,  their  volume,  after  fir- 
ing, will  not  be  at  all  condensed,  and  muriatic  acid  gas,  precisely 
equal  to  their  joint  bulk,  will  be  obtained.  By  weight,  one  part  of 
hydrogen  gas  requires  33  5  of  oxy-muriatic  or  chlorine  gas  for  sa- 
turation, and  34  5  of  muriatic  acid  gas  are  produced. 

The  result  of  this  experiment  may  either  be  explained,  by  ad- 
mitting the  direct  combination  of  hydrogen  rnd  chlorine  to  consti- 
tute muriatic  acid  ;  or  by  supposing  that  the  hydrogen  unites  with 
the  oxygen  of  the  oxy-muriatic  acid,  and  that  the  water,  thus  form- 
ed, exists  as  an  element  of  muriatic  acid  gas.    In  this  instance  the 
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theory  of  chlorine   has   certainly  the   advantage  in  point  of  sim- 
plicity. 

If  the  weight  of  the  atom  of  chlorine  be  determined  from  its 
union  with  hydrogen,  it  will  be  expressed  by  33.5;  and  33.5  of 
chlorine  will  be  the  equivalent  to  7.5  of  oxygen.  When  oxygen  is 
made  the  decimal  unit,  as  by  Dr.  Wollaston,  the  weight  of  the  atom 
of  chlorine  will  be  expressed  by  44.1,  or  in  round  numbers  by  44. 
On  the  supposition  that  the  oxy-muriatic  acid  is  a  compound  of 
muriatic  acid  and  oxygen,  it  must  be  constituted  as  follows  : 

Oxygen 22  65  ....   100 29.28 

Muriatic  acid  .  .  .  77.35   ....  341.5  ....   100. 


100.  441.5  129.28 

This  would  indicate  the  weight  of  the  atom  of  muriatic  acid  to 
be  nearly  26;  and  adding  an  atom  of  oxygen,  the  compound  atom 
of  oxy-muiiatic  acid  would  still  weigh  33.5. 

A  remarkable  fact,  respecting  the  mutual  action  of  oxy-muriatic 
acid  and  hydrogen  gases,  was  discovered  by  Gay  Lussac,  and,  with- 
out any  knowledge  of  his  experiments,  by  Mr.  Dalton.  A  mixture 
of  the  two  gases,  in  equal  volumes,  is  slowly  absorbed  under  ordi- 
nary circumstances  ;  but  if  the  direct  rays  of  the  sun  happen  to 
fall  on  the  mixture,  the  two  gases  diminish  with  considerable  ra- 
pidity ;  and,  if  the  quantity  be  large,  they  even  explode.  This  is 
a  striking  instance  of  the  agency  of  light  in  promoting  chemical 
combination.  Blue  light  is  more  effective  in  producing  the  com- 
bination than  red,  but  neither  occasions  the  rapid  combustion, 
which  is  excited  by  the  direct  rays  of  the  sun.* 

Chlorine  with  the  Metals  of  the  Alkalis  and  Earths,  and  with  the  Ox- 
ides of  those  Metals. 

When  potassium  is  heated  in  chlorine  gas,  it  burns  much  more 
vividly  than  in  oxygen;  each  grain  absorbs  1.1  cubic  inch  of  the 
gas,  and  a  neutral  compound  is  lormed,  precisely  resembling  that 
which  results  from  healing  potassium  in  muriatic  acid  gas.  So- 
dium burns  in  chlorine  with  similar  appearances,  and  condenses 
twice  as  much  of  the  gas,  as  is  absorbed  by  an  equal  weight  of  po- 
tassium. 

When  potassium  or  sodium,  which  have  been  made  to  absorb  ox- 
ygen, arc  heated  in  chlorine  gas,  the  latter  disappears,  and  oxygen 
gas,  precisely  equivalent  to  what  had  been  condensed,  is  liberated. 
Oxygen  is  expelled,  also,  by  chlorine,  from  barytes,  strontites,  and 
lime,  in  the  proportion  of  one  measure  for  every  two  measures  of 
chlorine  that  are  condensed. 

As  the  oxygen  is  always  evolved  in  its  original  quantity,  though 
the  quantity  of  chlorine  absorbed  is  variable,  Sir  H.  Davy  consi- 

*  Seebeck,  34  Nicholson's  Journal,  p.  220 
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dcrs  this  as  proving  that  the  oxygen  does  not  proceed  from  the 
chiorine,  but  from  the  oxide ;  and  that  chlorine  is  a  simple  body, 
which  attracts  the  metals  in  question  more  strongly  than  oxygen 
attracts  them. 

Ammonia  is  decomposed  by  chlorine,  sometimes  with  detona- 
tion. 11  both  gases  are  dry,  no  water  is  produced,  which  Sir  H. 
Davy  observes  should  happen,  if  chlorine  contained  oxygen;  but 
the  products  are  muriatic  acid,  (from  the  union  of  the  chlorine 
and  hydrogen,)  and  nitrogen  gas.*  The  muriatic  acid,  with  the 
undecomposed  alkali,  forms  muriate  of  ammonia. 

Chlorine  ivith  Charcoal,  Carbonic  Oxide,  and  Carburetted 
Hydrogen . 

When  the  charcoal  of  beech  wood,  finely  powdered  and  per- 
fectly dry,  is  poured  into  chlorine  gas  in  its  ordinary  state,  an  in- 
flammation ensues.  But  charcoal,  intensely  ignited  by  Voltaic 
electricity,  in  dry  chlorine  gas,  effects  no  change,  nor  is  any  car- 
bonic acid  produced.! 

Perfectly  dry  chlorine  and  carburetted  hydrogen  gases,  in  the 
experiments  of  Dr.  John  Davy,  detonated  without  producing  car- 
bonic acid.  Muriatic  acid  gas  was  obtained,  and  the  charcoal  was 
precipitated.  But  when  the  gases  are  fired  over  water,  carbonic 
acid  is  obtained,  the  oxygen  for  which  is  furnished  by  the  water. 
Mixtures  of  three  or  four  parts  of  chlorine  and  one  part  of 
carburetted  hydrogen  over  water,  when  exposed  ;o  the  light 
of  ..he  sun,  expiode,  and  carbonic  acid  is  generated  ;  or,  if  the 
quantities  are  smail,  and  indirect  light  only  is  admitted,  the  action 
of  thu  gases  goes  on  slowly,  with  similar  results. 

A  mixture  of  equal  volumes  of  chlorine  and  carbonic  oxide 
gases,  botis  dried  by  fused  muriate  of  lime,  and  exposed,  about  a 
quarter  of  an  hour,  to  bright  sunshine,  affords  a  peculiar  com- 
pound, called  by  its  discoverer,  Dr.  John  Davy,|  Phosgene  Gas.§ 
The  colour  of  the  chlorine  is  destroyed  by  this  combination,  and 
the  constituent  gases  are  condensed  into  half  their  bulk.  Hence 
it  appears  to  be  one  of  the  heaviest  gases  known,  100  cubic  inches 
being  estimated  to  weigh  105.97  grains. 

Phosgene  gas  has  an  intolerably  pungent  odour,  and  reddens 
litmus.  Water  changes  it  into  muriatic  and  carbonic  acid  gases. 
The  metals  decompose  it,  and  unite  with  the  chlorine,  a  volume 
of  carbonic  oxide  being  liberated,  equal  to  the  bulk  of  the  original 
gas.  It  condenses  four  times  its  volume  of  ammoniacal  gas,  and 
the  product  is  a  white  neutral  salt,  from  which  the  stronger  acids 

*  Phil.  Trans.  1814,  p.  70. 

f  This  incapability  of  being  decomposed  by  charcoal,  is  perhaps  the  strong- 
est evidence  of  the  simple  nature  of  chlorine.  But  how  do  we  account  for  the 
ignition  of  charcoal,  where  no  oxygen  gas  is  present,  to  give  off  its  presumed 
attendants,  caloric  and  light  ?     C. 

$  Phil.  Trans.  1812- 

§  This  is  the  gas  which  Thenard  called  carbo-muriatic  acid  gas.  It  is  a  very 
long  name,  but  is  certainly  infinitely  better  than  the  above  uncouth  and  unscien- 
tific term.     C. 
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disengage  muriatic  and  carbonic  acids ;  but  acetic  acid  dissolves 
it  without  effervescence. 

Chlorine  with  Sulfihur  and  its  Compounds. 

Sulphur,  when  heated  in  contact  with  chlorine  gas,  absorbs  it, 
and  forms  a  singular  compound  first  described  by  Dr.  Thomson.* 
Ten  grains  absorb  nearly  30  cu'uc  inches  of  gas,  which  is  nearly 
in  die  proportion  of  15  (the  weight  of  an  atom  of  sulphur  to 
33.5,  the  weight  of  an  atom  of  chlorine.)  It  appears,  indeed,  to 
be  a  true  cxymuriate  of  sulphur. 

This  fluid  is  volatile  below  200°  Fahrenheit.  Its  colour  is  red 
by  reflected  light,  but  yellowish  green  by  transmitted  light.  It 
emits  fumes,  which  are  peculiarly  acrid,  and  which  excite  a  copi- 
ous flow  of  tears.  Its  specific  gravity  is  16.  It  decomposes  wa- 
ter, the  hydrogen  of  which  forms,  with  the  chlorine,  muriatic 
acid  ;  while  the  sulphur,  with  the  oxygen  of  the  water,  composes 
sulphuric  acid.  Before  dilution,  however,  it  is  not  acid,  and  does 
not  redden  dry  litmus  paper. 

Dry  chlorine  gas  has  no  action  on  dry  sulphurous  acid  gas;  but 
if  water  be  present,  muriatic  and  sulphuric  acids  result  from  their 
mixture. 

When  chlorine  gas  is  mixed  with  sulphuretted  hydrogen  gas, 
the  phenomena  vary  with  the  proportions.  When  equai  mlks  are 
used,  there  is  scarcely  any  condensation,  and  the  residue  contains 
^£ths  of  its  bulk  of  muriatic  acid  gas.  In  this  case,  the  sulphur 
is  precipitated.  But  if  enough  of  chlorine  be  used,  besides  the 
same  product  of  muriatic  acid,  the  sulphur  is  changed  into  oxy- 
muriate  of  sulphur. 

Chlorine  and  nitrous  gases,  separately  dried  by  solid  muriate  of 
lime,  do  not  combine  on  admixture  ;  but  when  moisture  is  present, 
the  chlorine  decomposes  water,  forming  muriatic  acid  with  its  hy- 
drogen, while  its  oxygen  condenses  the  nitrous  gas. 

The  compound  of  chlorine  and  phosphorus  will  be  described  in 
speaking  of  the  latter  substance. 

Chlorine  with  the  Metals. 

Almost  every  metal,  in  a  state  of  minute  division,  takes  fire 
spontaneously,  and  burns  in  this  gas.  The  very  malleable  metals, 
such  as  gold,  silver,  &c.  which  can  be  reduced  to  extremely  thin 
leaves,  are  best  applied  to  the  gas  in  this  state.  Others,  as  iron, 
zinc,  copper,  Sec.  must  be  introduced  in  the  state  of  fine  filings.  The 
most  readily  oxydized  metals  burn  with  the  greatest  brilliancy.  The 
best  proportion  is  about  40  grains  of  each  metal  to  40  cubic  inches 
of  gas  :  and,  into  the  bottom  of  the  receiver  a  little  sand  may  be 
poured,  to  prevent  it  from  being  broken. 

Metallic  antimony  burns  with  a  very  brilliant  white  flame,  and 
throws  out  sparks.  Arsenic  exhibits  a  fine  green  or  blue  flame, 
attended  with  sparks,  and  a  dense  white  smoke  ;  bismuth,  a  blu- 
ish  flame  ;  nickel,  a  yellowish    white  one  ;  cobalt,  a  bluish  white  ; 

*  Nicholson's  Journal,  8vo.  vol.  vi. 
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zinc,  a  white  flame  and  sparks ;  tin,  a  bluish  white  light  ;  lead,  a 
clear  white  flame  ;  copper,  a  red  and  slowly  spreading  light;  and 
iron,  a  bright  red  light.  In  all  these  experiments,  the  temperature 
of  the  gas  should  not  fall  short  of  70°. 

When  chlorine  is  made  to  act  on  any  metallic  oxide,  those  of 
iron  and  arsenic  excepted,  the  whole  of  the  oxygen  is  expelled 
from  the  oxide,  and  the  chlorine  combines  with  the  metal  only. 
The  description  of  these  compounds,  which  have  been  ably  inves- 
tigated by  Dr.  J.  Davy,  will  form  a  part  of  the  history  of  the  in- 
dividual metals. 

Nomenclature  of  the  Compounds  of  Muriatic  a7id  Oxy* 
muriatic  Acids. 

The  combinations  of  muriatic  acid  continue  to  be  termed  Mu- 
riates in  the  modified  nomenclature,  proposed  by  Sir  H.  Davy. 
Thus  muriate  of  magnesia,  of  alumine,  and  of  ammonia,  are  cor- 
rect expressions.  But  all  compounds  of  chlorine  with  combusti- 
ble bases,  he  proposes  to  designuie  by  annexing  the  termination 
ane  to  the  Latin  name  of  the  basis.  The  compound  of  chlorine 
and  sulphur,  he  calls,  for  example,  sul/ihurane  ;  that  ot  silver  [ar- 
gentum)  and  chlorine  argentane ;  and  so  of  the  rest  Common 
salt,  on  the  same  principle,  would  be  termed  sodane.  When  these 
compounds  are  capable  of  uniting  with  an  additional  proportion  of 
chlorine,  he  expresses  that  which  has  two  proportions  by  the  ter- 
mination ana  or  anea.  Thus  copper  (cuprum}  with  one  proportion 
of  chlorine  is  cufirane,  and  with  two  cupranea. 

It  would  have  been  more  agreeable,  however,  to  analogy  with 
the  combinations  of  oxygen,  if  the  compounds  of  chlorine  had  re- 
ceived the  name  of  chloride,*  a  termination  conformable  to  that  of 
oxide.  In  that  case,  the  different  compounds  of  chlorine  with  one 
base,  might  have  been  designated  in  the  way  proposed  by  Dr. 
Thomson  for  the  oxides,  the  first  being  called  proto-chloride,  the 
second  deuto-chloride,ar\(\  so  of  the  rest. 

According  to  the  views  of  Sir  H.  Davy  and  Gay  Lussac,  all  the 
bodies  described  in  the  next  section,  excepting  the  muriates  of 
ammonia,  magnesia,  and  alumine,  are  to  be  considered  strictly  as 
oxy?nuriates,  or  compounds  of  chlorine  with  metallic  bases.  Com- 
mon salt,  for  example,  they  conceive  to  be  a  compound,  not  of  mu- 
riatic acid  and  soda,  but  of  chlorine  and  sodium,  at  least  in  its  dry 
state.  Until  these  views,  however,  are  more  firmly  established,  I 
have  deemed  it  unnecessary  to  separate  bodies,  so  naturally  allied 
by  similarity  of  properties  ;  and  I  shall  continue,  therefore,  to  class, 
with  the  muriates,  some  compounds,  which,  in  the  farther  progress 
of  science,  will  probably  be  removed  to  a  different  genus  of  salts.f 

*  I  believe  the  French  have  adopted  the  use  of  this  term.     C. 

f  Strong  as  the  proofs  appear,  in  favor  of  the  simple  nature  of  chlorine,  and  of 
the  prevailing  opinions  of  the  compounds,  &c.  of  that  suhstance,  Dr.  Murray  con- 
tinues warmly  to  oppose  them ;  and  with  arguments  equally  powerful.    C. 
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Muriates. 
Art.  1. — Muriate  of  Potash. 

Muriate  of  potash  may  be  obtained  by  saturating  muriatic  acid 
with  carbonate  of  potash,  and  evaporating  the  solution  till  the  salt 
crystallizes.  These  crystals  have  a  cubical  shape,  and  a  bitter  dis- 
agreeable taste  ;  they  dissolve  in  three  times  their  weight  of  water 
at  60°,  and  in  a  rather  less  proportion  of  boiling  water.  They  un- 
dergo little  change  when  exposed  to  the  air  ;  they  decrepitate  when 
thrown  on  the  fire,  but  abandon  no  part  of  their  acid  at  a  red  heat. 

Muriate  of  potash  consists,  in  100  grains, 

Acid.  Rase. 

According  to  Berthollet      .     .     of    .     .     33.34  66.66 

Berzelius       ..■—..     35.81  6419 

, Dr.  Wollaston  .     —     .     .     36.57  63.43 

Berzelius,  by  decomposing  100  grains  of  the  fused  salt  with  so- 
lution pf  nitrate  of  silver,  obtained  191.5  of  luna  cornea.  Accord- 
ing to  SirH.  Davy,  this  salt  is  composed  of  75  parts  of  potassium 
united  with  67  chlorine,  or  100  grains  consist  of 

Potassium      ....     52.8 
Chlorine 47.2 

100. 

These  proportions  are  almost  the  same  as  those  stated  by  Gay 
Lussac,  viz.  100  chlorine -f-  111.31  potassium,  all  confirming  that 
this  salt  is  composed  of  an  atom  of  each  of  its  ingredients. 

Art.  2.— Muriate  of  Soda. 

Muriate  of  soda  is  that  well  known  substance,  common  salt,  which 
is  become  a  necessary  ingredient  in  the  food  of  man,  and  is  of  essen- 
tial utility  in  several  of  the  arts. 

I.  Its  composition  may  be  proved,  by  the  direct  union  of  soda 
with  muriatic  acid. 

But  for  purposes  of  experiment,  the  common  salt  may  be  em- 
ployed, which  is  to  be  found  in  the  shops.  This  may  be  purified, 
by  adding  to  a  solution  of  it  in  water  a  solution  of  carbonate  of  soda, 
as  long  as  any  milkiness  ensues  ;  filtering  the  solution,  and  evapo- 
rating it  till  it  crystallizes. 

II.  Its  qualities  are  as  follow  : 

1.  It  crystallizes  in  regular  cubes,  which,  when  the  salt  is  pure, 
are  but  little  changed  by  exposure  to  the  air.  The  common  salt 
of  the  shops,  however,  acquires  an  increase  of  weight',  in  conse- 
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quence  of  the  absorption  of  moisture.  The  various  forms  under 
which  it  appears,  of  stoved  salt,  fishery  salt,  bay  salt,  Sec.  arise  ra- 
ther from  modifications  in  the  size  and  compactness  of  the  grain, 
than  from  any  essential  difference  of  chemical  composition. 

2.  It  requires,  for  solution,  twice  and  a  half  its  weight  of  water, 
at  60°  of  Fahrenheit,  and  hot  water  takes  up  very  little  more.  Hence 
its  solution  crystallizes,  not  like  that  of  nitre,  by  cooling,  but  by  eva- 
poration. 

3.  When  heated  gradually  it  fuses,  and  forms,  when  cold,  a  solid 
compact  mass. 

4.  If  suddenly  heated,  as  by  throwing  it  on  red-hot  coals,  it  de- 
crepitates. It  does  not,  however,  after  being  dried  at  the  tempera- 
ture of  boiling  water,  lose  by  ignition  more  than  two  or  three  parts 
of  waterier  cent,  and  essentially  it  contains  no  water. 

5.  It  is  not  decomposed  when  ignited  in  contact  with  inflammable 
substances,  except  with  potassium,  which  sets  at  liberty  half  its 
weight  of  sodium. 

6.  When  mixed  with  powdered  charcoal  or  sulphur,  and  fused 
in  a  crucible,  it  does  not  undergo  any  decomposition  or  essential 
change. 

7.  It  is  decomposed  by  the  carbonate  of  potash,  the  alkali  of 
which  combines  with  the  muriatic  acid  of  the  salt,  and  the  carbonic 
acid  is  transferred  to  the  soda.  Hence  we  obtain  muriate  of  potash 
and  carbonate  of  soda.  A  process  for  effecting  this  decomposition, 
on  a  large  scale,  is  described  by  Westrumb,  in  Crell's  Journal, 
English  translation,  ii.  127. 

8.  It  is  decomposed  by  the  sulphuric  acid  in  the  mode  already 
described.     Nitric  acid  also  separates  the  muriatic  acid. 

9.  Muriate  of  soda  is  composed,  in  100  grains, 

Acid.  Base. 

•         According  to  Darcet     .     .     .    of    .     .     49.27         50.73 

Berard     ...     —     .     .      43.  5,7. 

Dr.  Marcet  .     .     —     .     .     46.  5  4. 

Berzelius      .     .     —     .     .     46.55  53.44 

From  100  grains  of  transparent  rock  salt,  dissolved  In  water,  and 
precipitated  by  nitrate  of  silver,  I  obtained  242  of  luna  cornea  ;  Dr. 
Marcet,  from  100  grains  of  pure  artificial  muriate  of  soda,  fused 
before  solution,  obtained  241.6;  Berzelius,  244.6  ;  and  Rose,  243.4. 
Now  100  grains  of  luna  cornea  may  be  stated,  in  round  numbers,  to 
denote  19  grains  of  real  muriatic  acid,  so  that  it  is  easy,  from  this 
datum,  to  calculate  the  composition  of  common  salt,  or  of  any  mu- 
riatic salt,  which  has  been  decomposed  by  nitrate  of  silver. 

On  the  atomic  system  of  Mr.  Dalton,  it  should  consist  of  an 
atom  of  muriatic  acid  combined  with  an  atom  of  soda.  But  ac- 
cording to  Sir  H.  Davy's  view  it  is  constituted  of  an  atom  of  so- 
dium, weighing  twenty-two,  with  an  atom  of  chlorine  weighing  33.5, 
9r  of 

Sodium       .     .     •     40.5     .     .      .      100     .     .     .       68 
Ca:orinc    .     .     .     59.5     ...      147     ...      100 

100.  168 
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Dr.  Wollaston  assumes  its  constitution  to  be  be  either  39.64  so- 
dium -f-  60.36  chlorine  ;  or,  on  the  old  theory  of  muriatic  acid,  he 
admits  its  composition  as  stated  by  Berzelius. 

Art.  3. — Muriate  of  Ammonia. 

1.  If  equal  measures  of  ammoniacal  gas  and  muriatic  acid  gas  be 
mixed  together,  over  mercury,  they  are  immediately  and  totally 
condensed,  a  white  cloud  is  formed,  and  a  solid  substance  is  deposit- 
ed on  the  sides  of  tlie  vessel.*  This  is  the  muriate  of  ammonia. 
For  experimental  purposes  it  may  be  procured  in  the  shops,  under 
the  name  of  sal-ammoniac. 

Berzelius,  from  100  grains,  precipitated  by  nitrate  of  silver,  ob- 
tained 267.87  of  luna  cornea.  Hence  he  calculates  its  composition, 
independently  of  water,  to  be 

Acid     .     .     .     60.8     .     .     .     100. 
Ammonia      .     39.2     .     .     .      64.48 

100. 

But  in  its  ordinary  state  the  salt  contains  water,  for  when  distill- 
ed with  lime,  the  earth  gains  a  greater  increase  of  weight  than  the 
muriatic  acid  only  could  furnish.  The  proportions  are,  according  to 
Berzelius, 

Acid     .     .     .     49  55 
Base  .     .     31.95 

Water      .    .     18.50 


100. 

This  is  one  of  the  few  salts,  which,  consistently  with  Sir  II.  Da- 
vy's views,  can  properly  be  considered  as  a  true  muriate.  Its  ato- 
mic constitution  Mr.  Dalton  believes  to  be  one  atom  of  acid  and 
two  atoms  of  ammonia. 

Muriate  of  ammonia  exhibits  the  following  properties  : 

(a)  It  is  volatilized,  without  being  liquefied  or  decomposed,  and 
hence  may  be  sublimed. 

(6)  It  is  readily  soluble  in  water,  three  parts  and  a  half  of  which, 
at  60°  take  up  one  of  the  salt.  During  its  solution  much  caloric  is 
absorbed.  In  boiling  water,  it  is  sill  more  soluble  ;  and  the  solu- 
tion, on  cooling,  shoots  into  regular  crystals/!/ 

(c)  It  slightly  attracts  moisture  from  the  air. 

*  In  this  case  the  caloric  evolved  by  two  gases  becoming  solid,  is  so  trifling*, 
that  1  think  we  must  hesitate  to  admit  the  different  states  of  cohesion  of  bodies, 
fo  depend  solely  on  its  presence.     C. 

|  As  muriat  of  ammonia  is  very  soluble,  but  is  pulverized  with  extreme  diffi- 
culty, we  can  readily  procure  it  in  a  sufficiently  fine  state  for  experimental  pur- 
suits, by  solution  and  crystallization — dning  the  crystals  thus  formed.     C 


SECT.  IH.  MURIATES.  307 

(d)  On  the  addition  of  a  solution  of  pure  potash,  or  pure  soda, 
the  alkali  is  disengaged,  as  is  evinced  by  the  pungent  smell  that 
arises  on  the  mixture  of  these  two  bodies,  though  perfectly  inodo- 
rous when  separate. 

[e)  Though  generally  considered  as  a  neutral  salt,  yet,  if  placed 
on  litmus  paper  and  moistened,  Berzelius  observes,  ihat  the  paper 
is  reddened  after  some  moments,  as  it  would  be  by  an  acid. 

(/)  It  is  decomposed  by  barytes,  strontites,  lime,  a--  J  magnesia. 

Process  for  obtaining  Solution  of  Ammonia  in  water. 

The  following  process  is  given  by  Mr.  R.  Phillips,  as  preferable 
to  that  of  the  London  Pharmacopoeia.* 

On  9  oz.  of  well  burnt  lime,  pour  half  a  pint  of  water,  and  when 
it  has  remained  in  a  well  closed  vessel  for  nearly  an  hour,  add 
12  ounces  of  muriate  of  ammonia,  and  about  3^  pints  of  boiling 
water.  When  the  mixture  has  cooled,  filter  the  soluLion  ;  ano,  hav- 
ing put  it  into  a  retort,  distil  off  20  fluid  ounces.  The  solution 
will  have  the  specific  gravity  0.954,  which  is  quite  as  strong  as  it 
can  be  conveniently  kept.  If  the  solution  be  required  to  be  more 
strongly  impregnated,  this  will  be  best  effected,  by  passing  ammo- 
niacal  gas  through  it,  from  a  mixture  of  equal  pans  ot  powdered 
lime  and  muriate  of  ammonia,  by  means  of  an  apparatus  similar  to 
that  described  for  the  preparation  of  muriatic  acid. 

When  a  mixture  of  one  part  of  powdered  muriate  of  ammonia 
with  from  one  to  two  of  powdered  carbonate  ol  lime,  (chalk,)  both 
perfectly  free  from  moisture,  is  distilled  together  in  a  retort,  a  so- 
lid white  substance  condenses  on  the  inner  surface  of  the  receiver. 
This  is  the  sub-carbonate  of  ammonia;  and  the  process  now  de- 
scribed is  that  by  which,  with  the  substitution  of  proper  subliming 
vessels,  the  sub-carbonate  of  ammonia  is  prepared  for  sale.  This 
operation  furnishes  an  example  of  double  affinity.  The  carbonic 
acid,  being  transferred  from  the  lime  to  the  ammonia,  forms  sub- 
carbonate  of  ammonia  ;  and  the  muriatic  acid,  passing  to  the  lime, 
composes  muriate  of  lime. 

Art.  4. — Muriate  of  Barytes. 

Muriate  of  barytes  may  be  formed  hy  heating  pure  barytes  in 
chlorine  gas,  each  measure  of  which  disengages  half  a  measure  of 
oxygen  gas  from  that  earth.  Or  when  barytes  is  heated  in  muria- 
tic acid  gas,  the  gas  disappears,  and  the  salt,  which  is  produced, 
becomes  red  hot.  But  for  purposes  of  experiment,  muriate  of  ba- 
rytes is  best  prepared,  by  dissolving  either  the  artificial  or  native 
carbonate  in  muriatic  acid,  much  diluted  ;  or,  if  neither  of  these  can 
be  had,  the  sulphuretf    The  iron  and  lead,  which  are  occasionally 

*  Remarks  on  the  London  Pharm.  p.  34. 

f  The  decomposition  of  sulpbat  of  barytes  by  munat  of  lime  has  already 
been  mentioned  as  recommended  by  Thenavd.    C. 
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present  in  the  carbonate,  and  are  dissolved,  along  with  the  barytes, 
may  be  separated  by  the  addition  of  a  small  quantity  of  liquid  am- 
monia, or  by  boiiiug  and  stirring  the  solution  in  contact  with  a  little 
lime  ;  or,  which  is  still  better,  by  solution  of  barytes  in  water. 
When  filtered  and  evaporated,  the  solution  yields  regular  crystals, 
which  have  most  commonly  the  shape  of  tables,  bevelled  at  the 
edges,  or  of  eight-sided  pyramids,  applied  base  to  base.  They  dis- 
solve in  five  \.  its  of  water,  at  60°,  or  in  a  still  smaller  quantity  of 
boiling  water  ;  and  also  in  alcohol.  They  are  not  altered  by  expo- 
sure to  the  atmosphere;  nor  are  they  decomposed,  except  partial- 
ly, by  a  high  temperature.  The  sulphuric  acid  separates  the  muri- 
atic ;  and  the  salt  is  also  decomposed  by  alkaline  carbonates  and 
sulphates. 

Fifty  grains  of  ignited  muriate  of  barytes  give  68   of  luna  cor- 
nea.    It  is  composed, 


According  to  Mr.  A.  Aikin,  of 
Berzelius   .  .  .  . 

And  the  crystallized  salt  consists, 


Acid. 

Base. 

26.86  .  . 

.   .  73.14 

26.23  . 

.  .  73.77 

Acid. 

Base. 

Water. 

2-2.93    . 

.   62.47   . 

.   14.6 

23.35   . 

.   61.85   . 

.    14.80 

According  to  Mr.  Aikin,  of 
Berzelius    .  . 

Its  atomic  constitution,  according  to  Mr.  Ualton,  is  1  atom  of  acid 
and  1  atom  of  base  ;  and  the  crystals  consist  of  1  atom  of  dry  salt 
and  2  atoms  of  water.  Sir  H.  Davy  considers  it  as  a  compound  of 
1  atom  of  barium  weighing  65,  and  1  atom  of  chlorine  33.5.  Hence 
100  parts  should  consist  of 

Chlorine 34. 

Barium 66. 

100. 

Art.  5. — Muriate  of  Strontitcs 

Maybe  obtained  by  following  the  same  process  as  that  employed 
in  preparing  the  barytic  salt.  The  solution  affords  long  slender 
hexagonal  prisms,  which  are  soluble  in  two  parts  of  water,  at  60°  ; 
and  to  almost  any  amount  in  boiling  water.  In  a  very  moist  atmo- 
sphere they  deliquiate.  They  dissolve  in  alcohol,  and  give  a  blood- 
red  colour  to  its  flame. 

Fifty  grains  of  dry  muriate  of  strontitcs  give  85  of  luna  cornea, 
and  hence  the  salt  must  consist  of  67.5  base  and  32.5  acid.  This 
agrees  very  nearly  with  Kirwan's  determination,  but  differs  some- 
what from  Vauquelin's,  viz.  61  base  and  39  acid.  According  to 
Sir  H  Davy's  view,  it  is  constituted  of  29  parts  strontium  and  21 
chlorine,  or  of 
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Strontium 58. 

Chlorine 42. 

Its  atomic  constitution,  agreeably  to  this  view,  is  one  atom  of  me- 
tal weighing  45,  and  one  atom  of  chlorine  weighing  33.5.  On  the 
old  theory,  it  should  consist  of  one  atom  of  strontites,  and  one  atom 
of  muriatic  acid. 

Art.  6. — Muriate  of  Lime. 

This  salt  may  be  prepared  by  dissolving  carbonate  of  lime  in  mu- 
riatic acid,  or  by  washing  off  the  soluble  part  of  the  mass,  which 
remains  after  the  distillation  of  the  solution  of  pure  ammonia  from 
muriate  of  ammonia  and  lime.  One  hundred  grains  of  carbonate 
give,  according  to  Berzelius,  109.6  of  fused  muriate  of  lime. 

The  solution  crystallizes  in  six-sided  striated  prisms,  terminated 
by  very  sharp  pyramids.  If  it  be  evaporated  to  the  consistence  of 
a  syrup,  and  exposed  to  a  temperature  of  32°,  it  forms  a  compact 
mass,  composed  of  bundles  of  needle-shaped  crystals,  crossing 
each  other  confusedly.  The  dry  salt  retains  its  acid  at  the  tem- 
perature of  ignition. 

The  crystals  dissolve  in  half  their  weight  of  cold  water,  and  to 
an  unlimited  extent  in  boiling  water,  being,  in  fact,  soluble  in  their 
water  of  crystallization. — They  deliquiate  rapidly  in  tne  air,  and 
enter  into  fusion  when  heated.*  After  being  melted  by  a  strong 
heat,  the  fused  mass  still  contains  water ;  for  by  ignition  with  iron 
filings,  it  yields  much  hydrogen  gas.  On  the  new  theory  of  chlo- 
rine, however,  this  gas  may  proceed  from  the  decomposition  of  mu- 
riatic acid.  If  fused  in  a  crucible,  and  treated  in  the  same  manner 
as  the  nitrate  of  lime,  the  crystals  yield  a  solar  phosphorus,  called, 
from  its  discoverer,  Romberg's  phosphorus.  When  mingled  with 
snow,  they  produce  intense  cold,  as  has  already  been  described. 

Dry  muriate  of  lime  may  be  inferred,  from  an  experiment  of  Dr. 
Marcet,  to  consist  of 

Muriatic  acid     .     .     49.     .     .     100 
Lime 51.     .     .     104 

100. 

One  hundred  grains  of  fused  muriate  of  lime  give,  according  to 
Davy,  250  grains  of  luna  cornea  ;  according  to  Berzelius  287.5. 
From  experiments  on  its  synthesis,  Berzelius  states  its  composi- 
tion to  be 

*  Several  years  ago,  1  obtained  some  very  beautiful  crystals  of  muriat 
of  lime,  in  perfect  cubes.  For  reasons  not  necessary  to  mention  here,  I  put 
them  into  a  vial  of  spirit  of  turpentine,  which  preserved  them  very  effectually 
for  a  great  length  of  time.  Even  yet,  some  portion  of  them  remains.  Their 
destruction  appears  to  be  owing  to  their  dissolving  in  their  water  of  crystalliza- 
tion during  the  heats  of  summer.  Some  crystals,  such  as  those  of  nitrat  of  mer- 
cury, are  speedily  decomposed  in  turpentine,  and  the  metal,  partly  revived, to- 
gether with  the  water  of  crystallization,  is  found  at  the  bottom.    C. 
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Acid     .     .      .     48.54 
Lime     .     .     .     51.46 


100. 

and  that  of  the  crystallized  salt 

Acid     .     . 

.      24.69 

Lime    .     . 

.     25.71 

Water 

.      49.60 

100. 

But,  according  to  the  theory  of  Sir  H.  Davy,  the  salt  after  being 
ignited  consists  of  thirty-one  chlorine  and  nineteen  calcium,  or  of 

Chlorine        .     .     62. 
Calcium       .     .     38. 

100. 

Aht.  7.—*Muriate  of  Magnesia. 

This  is  also  a  deliquescent  and  difficultly  crystallized  salt.  It  has 
an  intensely  bitter  taste  ;  is  soluble  in  its  own  weight  of  water,  or 
in  five  parts  of  alcohol.  Unlike  the  preceding  muriates,  it  is  de- 
composed, but  not  entirely,  by  ignition. 

According  to  Mr.  Dalton,  muriate  of  magnesia  is  constituted  of 
56.4  acid  +  43.6  base.  The  compound  of  chlorine  and  magnesium, 
though  supposed  by  Sir  H.  Davy  to  exist,  has  not  yet  been  ex- 
amined in  a  separate  state.  When  heated,  the  combination,  he  re- 
marks, is  destroyed  ;  the  chlorine  decomposes  water,  and  escapes 
in  the  state  of  muriatic  acid,  and  the  oxygen  of  the  water  forms 
magnesia  with  the  metal. 

The  muriates  of  magnesia  and  lime  are  generally  contained  in 
muriate  of  soda,  and  impart  to  that  salt  much  of  its  deliquescent 
property.  They  impair,  too,  its  power  of  preserving  food.  They 
are  also  ingredients  of  sea-water. 

Art.  8. — Muriate  of  Alumine 

May  be  formed  by  dissolving  fresh  precipitated  alumine  in  muri- 
atic acid  ;  but  the  acid  is  always  in  excess.  It  is  scarcely  possible 
to  obtain  this  salt  in  crystals ;  for,  by  evaporation,  it  assumes  the 
state  of  a  thick  jelly.  It  is  extremely  soluble  in  water,  and  deli- 
quescent when  dry.  In  a  high  temperature  it  abandons  its  acid  en- 
tirely. No  compound  (Sir  H.  Davy  observes)  exists,  that  can  be 
considered  as  a  compound  of  alumine  and  chlorine. 

Art.  9. — Muriate  of  Glucine. 

This  salt  is  little  known.  Like  all  the  salts  of  glucine  it  has  a 
sweet  taste,  and  crystallizes  more  readily  than  the  nitrate. 
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Art.  10. — Muriate  of  Zircon. 

Fresh  precipitated  zircon  is  readily  dissolved  by  muriatic  acid. 
The  compound  is  colourless;  has  an  astringent  taste  ;  and  furnishes, 
by  evaporation,  small  needle-shaped  crystals,  which  lose  their  tran- 
sparency in  the  air.  It  is  very  soluble  in  water  and  in  alcohol.  It 
is  decomposed  by  heat,  and  by  the  saliva  of  the  mouth.  The  gallic 
acid,  poured  into  the  solution,  precipitates,  if  it  be  free  from  iron, 
a  white  powder.  Carbonate  of  ammonia  gives  a  precipitate,  which 
is  re-dissolved  by  an  excess  of  the  carbonate. 

Art.  1 1  — Muriate  of  Yttriu. 

This  compound  has  a  striking  resemblance  to  nitrate  of  yttiia. 
Like  that  salt  it  dries  with  difficulty,  and  attracts  moisture  from  the 
air.     It  does  not  crystallize,  when  evaporated,  but  forms  a  jelly. 


SECTION  IV. 

Hyfier-oxy  muriates. 
Art.  1. — Hijfier  oxymuriate  of  Potash. 

The  properties  of  this  salt  were  discovered  by  Berthollet.  It 
may  be  formed  by  passing  oxymuriatic  acid  gas,  as  it  proceeds 
from  the  mixture  of  muriate  of  soda,  sulphuric  acid,  and  manganese 
(see  Section  II,  Process  2)  through  a  solution  of  caustic  potash. 
This  may  be  done  by  means  of  Woulfe's  apparatus,  using  only  one 
three-necked  bottle  in  addition  to  the  balloon.  The  tube  which  is  im- 
mersed in  the  alkaline  solution,  should  be  at  least  half  an  inch  in 
diameter,  to  prevent  its  being  choked  up  by  any  crystals  that  may 
form.  The  solution,  when  saturated  with  the  gas,  may  be  gently 
evaporated,  and  the  first  products  only  of  crystals  are  to  be  reserv- 
ed for  use  ;  for  the  subsequent  products  consist  of  common  muriate 
of  potash  only.* 

The  chemical  changes  that  occur  in  the  production  of  hyper- 
oxymuriate  of  potash  may  be  explained  either  on  the  old  or  the  new- 
theory.  Let  us  suppose  the  oxymuriatic  acid,  when  first  presented 
to  the  alkaline  solution,  to  be  divided  into  two  portions ;  one  of 
these  o-ives  up  its  excess  of  oxygen  to  the  other  half,  and  returns 
to  the  state  of  common  muriatic  acicl,  which,  combining  with  the 
alkali,  forms  muriate  of  potash.  The  other  portion,  therefore,  is 
oxygenized  acid,  plus  a  certain  quantity  of  oxygen  ;  and  this,  unit- 
ing with  another  portion  of  alkali,  forms  a  salt,  which  Mr.  Chenevix 
has  termed  hyper-oxymuriate.     Strictly  speaking,  therefore,  sim- 

*  As  this  is  a  troublesome  process,  it  might  be  well  to  ascertain  whether  the 
apparatus  1  have  before  adverted  to,  might  not  be  so  modified,  as  to  adapt  H  for 
\he  procuring  of  this  salt  on  the  'arere  scale      C 
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pie  oxygenized  muriates  do  not  exist ;  for,  in  all  this  class  of  salts, 
the  acid  contains  65  per  cent,  of  oxygen  ;  whereas  the  oxygenized 
acid  must  contain,  if  any  oxygen  be  present  in  it,  only  22.65  per 
cent. 

It  would  be  equally  consistent  with  the  theory  of  chlorine,  either 
to  suppose  that  the  oxymuriatic  acid  decomposes  the  water  of  the 
alkaline  solution,  forming,  with  its  hydrogen,  common  muriatic  acid, 
while  another  portion  of  chlorine  unites  with  the  oxygen  thus  set 
at  liberty  ;  or  that  the  change  consists  in  the  decomposition  of  pot- 
ash, the  oxygen  of  part  of  which  is  transferred  to  another  portion 
of  alkali,  while  the  oxymuriatic  acid  is  partly  expended  in  decompos- 
ing water  and  forming  muriate  of  potash,  and  partly  in  composing 
a  triple  compound  of  chlorine,  oxygen,  and  per-oxide  of  potassium. 
In  this  view,  hyper-oxymuriate  is  constituted  of  1  atom  of  potassium 
weighing  40.5,  1  atom  of  oxymuriatic  acid  =  33.5,  and  6  atoms  of 
oxygen  ZZ  45  ;  or  100  parts  consist  of 

Chlorine  ...  28. 
Potassium  .  .  34. 
Oxygen      ...     38. 


100. 


On  the  theory  of  Mr.  Dalton,one  atom  of  oxymuriatic  acid  weigh- 
ing 29,  deprives  five  surrounding  atoms  of  their  oxygen,  and  con- 
stitutes one  atom  of  hyper-oxymuriatic  acid  —  64,  which  unites  with 
an  atom  of  potash  ZZL  42.  These  numbers  are  not  very  remote 
from  those  deducible  from  Mr.  Chenevix's  analysts,  according  to 
whom  this  salt  is  composed  of 

Hyper-oxymuriatic  acid     .     58.3 

Potash 39.2 

Water 2.5 


100. 


The  water,  however,  is  in  too  small  proportion  to  be  considered 
s  more  than  an  accidental  ingredient. 
The  hyper-oxymuriate  of  potash  has  the  following  qualities: 

(a)  It  has  the  form  of  shining  hexahedral  laminae,  or  rhomboidal 
plates. 

(b)  One  part  of  the  salt  requires  17  of  cold  water  for  solution, 
but  five  parts  of  hot  water  take  up  two  of  the  salt. 

(c)  It  is  not  decomposed  by  exposure  to  the  direct  rays  of  the 
sun,  either  in  a  crystallized  or  dissolved  state. 

(rf)  When  the  hyper-oxy-muriate  is  submitted  to  distillation  in 
a  coated  glass  retort,  it  first  fuses,  and,  on  a  farther  increase  of  tem- 
perature, yields  oxygen  gas  of  great  purity.  A  hundred  grains  of 
the  salt  afford  75  cubic  inches  of  gas,  (=  about  25  §  grains,) 
containing  not  more  than  3  per  cent,  of  nitrogen  gas.  Bcrzelius, 
from  the  same  quantity,  obtained   a  much   larger  product  of  gas. 
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viz.  38.6  grains  =  1 1 1  or  1 12  cubic  inches.*  And  Gay  Lussac 
found  that  100  grains  give  38  88  grains  of  oxygen,  and  61.12  of  mu- 
riate of  potash,  containing,  he  supposes,  2b.93  chlorine  and  32.19 
potassium. 

0)  The  hyper-oxy-muriate  of  potash  has  no  power  of  dis- 
charging vegetable  colours;  but  the  addition  of  a  little  of  the  sul- 
phuric acid,  by  setting  the  oxygenized  acid  at  liberty,  developes 
this  property. 

(/)  The  salt  is  decomposed  by  the  stronger  acids,  as  the  sul- 
phuric and  nitric  acids.  This  will  be  proved  by  dropping  a  few 
grains  of  the  salt  into  a  little  concentrated  sulphuric  acid.  A  strong 
smell  will  arise,  and,  it  the  quantities  be  sufficiently  large,  an  ex- 
plosion will  ensue.  The  experiment  should,  therefore,  be  attempt- 
ed with  great  caution.  When  this  mixture  is  made  at  the  bottom 
of  a  deep  vessel,  the  vessel  is  filled  with  oxy-muriatic  gas,  which 
inflames  sulphuric  ether,  alcohol,  or  oil  of  turpentine,  when  pour- 
ed into  it;  and  also  camphor,  resin,  tallow,  elastic  gum,  &c. 
(Davy.) 

Muriatic  acid,  as  has  already  been  stated,  disengages  the  oxy- 
genized acid,  and  the  addition  of  a  few  grains  of  the  salt  to  an 
ounce  measure  of  the  acid,  imparts  to  it  the  property  of  discharging 
vegetable  colours. 

(g)  This  salt  exerts  powerful  effects  on  inflammable  hodies. 

1.  Rub  two  grains  into  powder  in  a  mortar,  and  add  one  grain  of 
sulphur.  Mix  them  very  accurately,  by  gentle  triture,  and  then, 
having  collected  the  mixture  to  one  part  of  the  mortar,  press  the 
pestle  down  upon  it  suddenly  and  forcibly.  A  loud  detonation  will 
ensue.  Or,  if  the  mixed  ingredients  be  wrapped  in  some  strong 
paper,  and  then  struck  with  a  hammer,  a  still  louder  report  will  be 
produced. 

2.  Mix  five  grains  of  the  salt  with  half  the  quantity  of  powder- 
ed charcoal  in  a  similar  manner.  On  triturating  the  mixture 
strongly,  it  will  inflame,  especially  with  the  addition  of  a  grain  or 
two  of  sulphur,  but  not  with  much  noise. 

3.  Mix  a  small  quantity  of  sugar  with  half  its  weight  of  the 
salt,  and  on  the  mixture  pour  a  little  strong  sulphuric  acid.t  A 
sudden  and  vehement  inflammation  will  be  produced4  This  expe- 
riment, as  well  as  the  following,  requires  caution. 

4.  To  one  grain  of  the  powdered  salt,  in  a  mortar,  add  about 
half  a  grain  ot  phosphorus.  The  phosphorus  will  detonate,  on  the 
gentlest  triture,  with  a  very  loud  report.     The  hand  should  be  co- 

*  80  Ann   de  Chim.  28. 

f  A  mixture  of  this  kind  is  the  basis  of  the  matches,  now  generally  used  for 
the  purpose  of  procuring  instantaneous  light.  The  bottle,  into  which  they  are 
dipped,  contains  concentrated  sulphuric  acid,  which  is  prevented  from  escaping 
by  a  quantity  of  the  fibres  of  amianthus. (*) 

(*)  I  have  already  mentioned  the  facility  of  obtaining  patents  in  this  coun- 
try.  A  person  here,  undertook  to  take  out  (or  so  gave  it  to  be  understood)  a 
patent  for  the  formation  of  these  match  lights  !     C. 

i  This  experiment  succeeds  very  well,  if  gum  be  employed  in  the  place  of 
sugar     C 

R  r 
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vered  with  a  glove  in  making  ihis  experiment,  and  care  should  be 
taken  that  the  pho«>p  .orus,  in  an  inflamed  state,  does  not  fly  into 
the  eyes. — Phosphorus  may  also  be  inflamed  under  the  surface  of 
water  by  means  of  this  salt.  Put  into  a  wine  glass,  one  part  of 
phospnorus  with  two  of  the  salt;  fill  it  nearly  with  water,  and  pour 
in,  by  means  of  a  glass  tube,  reaching  to  the  bottom,  three  or  four 
parts  ot  sulphuric  acid.  The  phosphorus  takes  fire,  and  burns  vi- 
vidly under  the  water.  This  experiment  requires  caution,  lest  the 
inflamed  phosphorus  should  be  thrown  into  the  eyes.  (Davy.)  Oil 
may  also  he  thus  inflamed  on  the  surface  of  water,  the  experiment 
being  made  with  the  omission  of  the  phosphorus,  "and  the  substitu- 
tion of  a  little  olive  or  linseed  oil. 

5.  Hyper-oxy-muriate  of  potash  may  be  substituted  for  nitre  in 
the  preparation  of  gunpowder,  but  the  mixture  of  the  ingredients 
requires  extreme  circumspection.  It  may  be  proper  also  lo  state, 
that  this  salt  should  not  be  kept  mixed  with  sulphur  in  considera- 
ble quantity,  such  mixtures  having  been  known  to  detonate  spon- 
taneously. 

Aht.  2. — Hyfier-oxy -Muriate  of  Soda. 

This  salt  may  be  obtained,  by  following  the  process  already  de- 
scribed, with  the  substitution  of  pure  soda  for  potash.  It  is  ex- 
ceedingly difficult,  however,  to  obtain  it  pure  ;  because  it  nearly 
agrees,  in  solubility,  with  the  common  muriate  of  soda.  It  is  solu- 
ble in  three  parts  of  cold  water,  and  in  rather  less  of  hot,  and  is 
slightly  deliquescent.  It  is  soluble  also  in  alcohol ;  but  so  also, 
according  to  Mr.  Chenevix,  is  the  common  muriate.  It  crystal- 
lizes in  cubes,  or  in  rhomboids  approaching  the  cube  in  form.  In  the 
mouth  it  produces  a  sensation  of  cold,  and  a  taste  scarcely  to  be 
discriminated  from  that  of  muriate  of  soda.  In  other  properties  it 
agrees  with  the  similar  salt  with  base  of  potash. 

Art.  3 — Hy/ier-oxy- Muriate  of  Ammonia. 

This  salt  cannot  be  procured  by  the  direct  union  of  the  oxyge- 
nized acid  with  pure  ammonia,  because  these  two  bodies  mutually 
decompose  each  other;  as  will  appear  from  the  following  experi- 
ments. 

1.  Fill  a  pint  receiver  with  the  oxygenized  acid;  and  pour  into 
it  half  a  drachm  of  the  strongest  solution  of  ammonia  that  can  be 
procured.     A  detonation  will  presently  ensue. 

2.  Fill  a  four-ounce  bottle  with  the  oxygenized  acid,  and  invert 
it  in  a  cup  containing  four  ounce-measures  of  the  solution  of  pure 
ammonia.  Presently  the  liquor  will  be  absorbed,  and  a  detona- 
tion will  ensue,  which  will  throw  down  the  bottle,  unless  firmly 
held  by  the  hand.  In  the  bottle  there  remains  a  portion  of  nitro 
gen  gas. 
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Art.  4. — Remaining  Hy per -oxy- Muriates. 

To  effect  the  combination  of  barytes  and  strontites  with  the  hy- 
per-oxygenized acid,  those  bases  must  be  dissolved  in  hot  water, 
which  musi  be  kept  hot  while  ti.e  current  of  gas  is  transmitted 
through  ihe  solution.  Lime  may  also  be  combined  with  the  oxy- 
genized acid,  either  by  passing  the  gas  into  a  vessel  containing 
lime,  suspended  in  water  by  mechanical  agitation,  or  by  exposing 
dry  hydrate  of  lime  to  streams  of  the  gas,  as  it  arises  from  the  ma- 
terials, described  in  the  2d  section  of  this  chapter. 

This  compouftd  derives  importance  from  its  application  to  the  art 
of  bleaching  ;  for  it  possesses,  when  perfectly  saturated,  bleaching 
properties  ^and  in  this  state  produces  whiteness  in  the  unbleached 
pari  of  goods,  without  destroying  any  delicate  colours  which  they 
may  contain.  The  salt,  with  base  of  lime,  is  extremely  deliques- 
cent ;  liquefies  at  a  low  heat,  and  is  soluble  in  alcohol.  It  produces 
much  cold  by  solution,  and  a  sharp  taste  in  the  mouth.  Its  compo- 
sition and  properties  have  been  investigated  by  Mr.  Dalton,  in  two 
memoirs  published  in  the  1st  and  2d  volumes  of  Dr.  Thomson's 
annals.  He  finds  that  the  dry  salt  is  a  compound  of  two  atoms  of 
lime,  one  of  acid,  and  six  of  water.  By  solution  one  half  of  the 
lime  is  deposited,  and  a  compound  of  one  atom  of  lime  and  one  of 
acid  is  dissolved  by  the  water.  The  dry  salt  is  much  impaired  by 
being  long  kept.     It  contains  per  cent. 

Oxy-muriatic  acid       .     .     .     23 .2 

Lime 38.4 

Water 38.4 

100. 

For  an  account  of  the  remaining  salts  formed  with  this  acid,  Mr. 
Chenevix's  paper  may  be  consulted. 


SECTION  V. 

Nitro- Muriatic  And. 

This  acid  is  a  compound  of  the  nitric  and  muriatic  acids,  and 
may  be  formed  most  conimodiously  by  mixing  two  parts  of  nitric 
acid  with  one  of  muriatic.  Though  the  acids  employed  are  both 
perfectly  pale,  yet  the  mixture  becomes  of  a  deep  red  colour,  a 
brisk  effervescence  takes  place,  and  pungent  vapours  of  oxy-mu- 
riatic  ac  d  are  evolved. 

The  nitro  muriatic  acid  does  not  form,  with  alkaline,  or  other 
bases,  a  distinct  genus  of  salts,  entitled  to  the  name  of  nitro-mu- 
riates;  or,  when  combined  with  an  alkali,  or  an  earth,  the  solution 
yields,  on   evaporation,  a  mixture  ot  a  muriate  and  a  nitrate  ;  and 
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metallic  bodies  dissolved  in  it  yield  muriates  only.  In  the  latter 
case,  the  nitric  acid  is  decomposed,  oxydizcs  the  metal,  and  ren- 
ders it  soluble  in  muriatic  acid.  The  most  remarkable  property  of 
nitro-muriatic  acid  (thai  of  dissolving  gold)  will  be  described  in  the 
chapter  on  that  metal. 


SECTION  VI. 

Murio- Sulphuric  Acid. 

Muriatic  acid  gas  is  absorbed  in  considerable  quantity  by  sul- 
phuric  acid  The  compound  has  a  brown  colour,  and  when  expos- 
ed to  the  air  emits  copious  white  fumes.  It  has  no  particular 
uses. 


By  the  action  of  a  mixture  of  fuming  muriatic  acid  on  sulphuret 
of  carbon,  Berzelius  obtained  a  solid  white  crystalline  body,  re- 
sembling camphor,  and  possessing  some  remarkable  properties. 
Its  analysis  afforded 

Muriatic  acid  ....  48.74 
Sulphurous  acid  .  .  .  29.63 
Carbonic  acid  (and  loss)  .     21.63 

100. 

It  appears,  therefore,  to  consist  of  two  atoms  of  muriatic  acid, 
one  of  sulphurous  acid,  and  one  of  carbonic. 


CHAPTER  XV. 

PHOSPHORUS, PHOSPHORIC   ACID, PHOSPHOROUS 

ACID, PHOSPHATES. 


SECTION  I. 

Phosphorus. 

I.  PHOSPHORUS  is  an  inflammable  substance,  and  is  known  by 
the  following  external  characters. 

(a)  It  has  generally  a  flesh-red  colour,  but,  when  carefully  pu- 
rified, may  be  obtained  free  from  colour,  and  perfectly  transparent. 
Its  specific  gravity  is  1.77. 
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(6)  It  is  so  soft  that  it  readily  yields  to  the  knife. 

(c)  It  melts  at  about  90°  Fahrenheit,  and  boils  at  550°.  When 
meited,  it  must  be  covered  with  water,  in  order  to  prevent  it  irom 
inflaming. 

(d)  In  the  atmosphere  it  emits  a  white  smoke,  and  peculiar 
smell ;  and  a  faint  and  beautiful  light  arises  from  it;  but  these 
appearances  do  not  take  place  in  air  artificially  dried. 

II.  Phosphorus  is  inflamed  by  the  application  of  a  very  gentle 
heat.  According  to  Dr.  Higgins,  a  temperature  of  60°  is  sufficient 
to  set  it  on  fire,  when  perfectly  dry.  It  burns  when  heated  to 
about  148°,  with  a  very  brilliant  light,  a  white  smoke,  and  a  suf- 
focating smell. 

1  It  may  be  set  on  fire  by  friction.  Rub  a  very  small  bit  be- 
tween two  pieces  of  brown  paper ;  the  phosphorus  will  inflame, 
and  will  set  ihe  paper  on  fire  also. 

2.  In  oxygen  gas  it  burns  with  a  very  beautiful  light;  and  also 
in  nitrous  oxuiu,  and  chlorine  gases. 

III.  PUosp!  orus  is  \oiatile  at  550°.  Hence  it  may  be  raised  by 
distillation;  bur,  to  prevent  its  taking  fire  on  the  application  of 
heat,  the  retort  should  previously  be  filled  with  azotic  or  hydro- 
gen gas,  and  the  mouth  of  the  retort  be  immersed  in  water. 

To  accomplish  this,  the  quantity  of  phosphorus,  which  it  is  in- 
tended to  rectify,  should  first  be  put  into  the  retort,  with  a  suffi- 
cient portion  of  water  to  cover  it.  The  water  must  then  be  made 
hot  enough  to  melt  the  phosphorus,  which,  on  cooling,  forms  a 
compact  mass,  of  the  shape  of  the  bottom  of  the  retort.  When 
cold,  fill  the  retort,  and  its  neck  also,  with  water,  and  invert  it  in 
water.  Displace  the  water  by  hydrogen  gas,  forced  from  a  blad- 
der through  a  bent  pipe;  keep  the  finger  on  the  open  end  of  the 
retort  neck  ;  place  it  in  a  sand  bath  ;  and  immerse  the  mouth  of 
it  in  water.  Then  apply  heat  very  cautiously.  A  bladder  should 
also  be  provided,  furnished  with  a  stop-cock  and  brass-pipe,  and 
filled  with  hydrogen  gas.  During  the  distillation,  the  gas,  in  the 
retort,  is  absorbed,  and  it  is  necessary  to  add  more  from  the  blad- 
der, otherwise  the  water  will  rush  into  the  retort,  and  occasion  an 
explosion.*  By  distillation,  in  this  mode,  phosphorus  is  rendered 
much  purer.  In  the  neck  of  the  retort  a  substance  is  condensed 
of  a  beautilul  red  or  carmine  colour,  which  is  a  combination  of 
carbon  and  phosphorus,  or  a  fihosfihuret  of  carbon.  Thenard, 
however,  observes  that  phosphorus,  however  frequently  distilled, 
cannot  be  freed  entirely  from  charcoal,  a  minute  quantity  of  which 
does  not  impair  its  whiteness  or  transparency. 

The  only  information,  which  we  possess,  respecting  the  nature 
of  phosphorus,  is  derived  from  the  electro-chemical  researches  of 
Sir  H.  Davy.  When  acted  upon  by  a  battery  of  500  pairs  of 
plates  in  the  same  manner  as  sulphur,  gas  was  produced  in  consi- 

*  It  is  difficult  to  imagine  how  an  explosion  can  here  take  place.  The  cold 
water  in  which  the  retort  has  its  mouth  immersed,  (from  the  absorption  of  the 
gas,)  will  rush,  by  atmospheric  pressure,  into  the  retort,  and  break  it.  The  con- 
tents would  then  inflame  by  the  contact  of  the  oxygen  gas  ;  but  I  cannot  per- 
ceive any  source  from  which  an  explosion  is  to  be  apprehended.    C. 
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derable  quantities,  and  the  phosphorus  became  of  a  deep  red- 
brown  colour.  The  gas  proved  to  be  phosphuretied  hydrogen,  and 
was  equai  in  bulk  to  about  four  times  the  phosphorus  employed. 
Hence  hydrogen  is  probably  one  of  its  components.* 

IV.  Pnosphorus  may  Le  oxygenized  in  various  modes  t 

(c)  B>  exposure  to  atmospheric  air.  Let  a  stick  of  phosphorus 
be  placed  in  a  funnel,  tne  pipe  of  which  terminates  in  an  empty 
bottle.  The  phosphorus  will  be  slowly  oxygenized,  and,  after 
some  time,  will  be  changed  into  an  acid,  which  will  fall  into  the 
bottle  in  a  liquid  state. 

A  large  quantity  of  acid  may  be  obtained,  if  a  number  of  sticks 
be  thus  exposed  :  and  as  they  would  be  in  danger  of  taking  fire,  if 
heaped  together,  each  stick  should  be  enclosed  in  a  glass  tube,  of 
rather  larger  diameter  than  itself.  These  tub^s  must  be  disposed 
round  a  funnel,  the  pipe  of  which  terminates  in  a  bottle.  The 
whole  should  be  covered  by  a  bell-shaped  receiver,  the  air  of 
which  is  to  be  frequently  changed.  The  acid  thus  obtained  is  a 
mixture  of  Phosfihorus  and  Phosfihoric  acids. 

When  phosphorus  is  burnt  in  highly  rarefied  air,  three  products 
are  formed,  a  red  solid  comparatively  fixed,  and  requiring  a  heat 
above  212°  for  its  fusion  —  a  white  and  easily  volatile  substance, 
which  is  combustible,  soluble  in  water,  and  has  acid  properties — 
and  a  substance,  which  is  strongly  acid,  and  not  volatile  even  at  a 
white  heat.  The  first  appears  to  be  an  oxide  of  phosphorus  ;  the 
second  phosphorous  acid  ;  and  the  third  phosphoric  acid- 

[b)  Phosphorus  inflames  vividly  in  oxygen  gas.  When  burnt 
in  this  manner,  every  hundred  parts  of  phosphorus,  according  to 
Lavoisier,  gain  an  addition  of  15 4. \ 

This  result  scarcely  differs  from  Sir  H.  Davy's,  who  states  that 
100  grains  of  phosphorus  condense  450  cubic  inches  or  153  grains 
ef  oxygen  gas.     The  product,  when  the  gas  is  more  than  suffi- 


*  The  phosphureted  hydrogen  is  only  four  times  the  bulk  of  the  phospho- 
rus employed  ;  yet  it  is  said  to  be  probably  one  of  its  constituents  ;  why  then 
are  we  to  dispute  the  necessary  existence  of  it  in  sulphur,  from  which  it  is  pro- 
duced in  five  times  the  amount  ?     C. 

•f-  On  the  oxides  of  phosphorus,  see  Nicholson's  Journal,  vi.  132. 

i  In  Lavoisier's  experiments  on  this  subject  (vide  Elements,  p  105,  Philad. 
Edit.  1799,)  he  found  1382  cubic  inches  absorbed  by  the  combustion  of  about 
45  grains  of  phosphorus.  These  1382  cubic  inches,  he  estimates  at  69.375 
grains.  And  these,  if  reduced  to  hundredth  parts,  give  154  parts  of  oxygen  to 
saturate  100  of  phosphorus.  Lavoisier  estimates  the  weight  of  oxygen  gas  at 
nearly  half  a  grain  for  each  cubical  inch  (p.  101),  but  no  other  writer  gives  by 
any  means  such  a  weight  to  it.  Dr.  Henry  at  p  95  of  this  work,  gives 
the  weight  of  100  cubic  inches  of  oxygen  gas,  from  the  authority  of  Allen 
and  Pepys,  (our  latest  experimenters  on  the  subject)  as  only  33.82.  Davy  says, 
about  34  grains.  Now  if  100  cubic  inches  of  this  gas  weigh  only  34  grains, 
then  if  the  weights  above  given  by  Lavoisier,  are  reduced  to  hundredth  parts; 
100  parts  of  phosphorus  in  combustion,  will  require  not  quite  105  parts  of 
oxygen  to  saturate  them,  giving  205  parts  of  concrete  acid!  This  vast  dif- 
ference has  never  that  I  know  been  adverted  to;  nor  has  the  assertion  of 
Lavoisier  as  to  the  weight  of  the  gas,  thus  opposed  by  later  authority,  ever 
been  noticed.    C. 
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cient  for  the  combustion  of  the  phosphorus,  is  entirely  phosphoric 
acid. 

(0  By  the  nitric  acid.  If  phosphorus  be  cautiously  added,  by 
a  little  at  once,  to  nitric  acid,  heated  in  a  retort,  the  nitric  acid  is 
decomposed,  and  its  oxygen,  uniting  with  the  phosphorus,  consti- 
tutes phosphoric  acid.  A  tubulated  retort  must  be  used  for  this 
purpose  ;  and  its  neck  may  terminate  in  the  apparatus  already  de- 
scribed for  procuring  nitric  acid.  By  this  contrivance  a  consider- 
able quantity  ol  nitric  acid  will  be  saved.* 


SECTION  II. 

Phosphoric  Acid. 

I.  To  prepare  this  acid,  the  process  b  or  c,  sect.  I.  may  be  em- 
ployed ;  but  the  following  is  the  most  economical  method. 

On  20  pounds  of  bone,  calcined  to  whiteness  and  finely  powder- 
ed, pour  20  quarts  of  boiling  water,  and  add  eight  pounds  of  sul- 
phuric acid,  diluted  with  an  equal  weight  of  water  Let  these  ma- 
terials be  well  stirred  together,  and  be  kept  in  mixture  about  24 
hours.  Let  the  whole  mass  be  next  put  into  a  conical  bag  of  suf- 
ficiently porous  and  strong  linen,  in  order  to  separate  the  clear 
liquor,  and  let  it  be  washed  with  water,  till  the  water  ceases  to 
have  much  acidity  to  the  taste.  Evaporate  the  strained  liquor  in 
earthen  vessels,  placed  in  a  sand  heat,  and,  when  reduced  to  about 
half  its  bulk,  let  it  cool.  A  white  sediment  will  form  in  considera- 
ble quantity,  which  must  be  allowed  to  subside  ;  the  clear  solution 
must  be  decanted,  and  boiled  to  dryness  in  a  glass  vessel.  A 
white  mass  will  remain,  which,  is  the  dry  phosphoric  acid.  This 
may  be  fused  in  a  crucible,  and  poured  out  in  a  clean  copper  dish. 
A  transparent  glass  is  obtained,  which  is  the  phosphoric  acid  in  a 
glacial  state  ;  not,  however,  perfectly  pure,  but  containing  sulphate 
aiul  phosphate  of  lime. — According  to  Fourcroy  and  VauqueUn,  it 
is,  in  fact,  a  super-phosphate  of  lime,  containing,  in  100  parts,  only 
30  of  uncombined  phosphoric  acid,  and  70  of  neutral  phosphate  of 
lime.  The  glacial  acid,  however,  may  be  prepared  from  perfectly 
pure  phosphoric  acid.  It  is  singular  that,  according  to  the  expe- 
riments of  Berthier,  it  contains  at  least  one  fourth  its  weight  of 
water,  a  proportion  which  could  scarcely  have  been  expected  in 
so  hard  a  substance. 

To  procure  the    phosphoric   acid   in  quantity,  and   at  the  same 

*  This  observation  of  Dr.  H.  is  worth  notice.  It  will  apply  equally  in  many 
other  cases  ; — as  in  forming  oxalic  acid; — if  the  retort  be  made  simply  to  termi- 
nate in  a  tubulated  receiver,  whose  tubulure  has  a  slight  connection  with  the  ex- 
ternal air ;  the  large  quantity  of  nitrous  gas  which  escapes  in  the  process,  meet- 
ing with  a  continual  supply  of  oxygen,  is  converted  into  nitrous  acid,  which  con- 
denses in  the  receiver  by  the  fluid  that  distils  over.  In  like  manner,  in  dissoh  ing 
platina  in  nitro-miuiatic  acid  ;  a  much  smaller  quantity  of  acid  is  required,  hy  a 
similar  mode  than  if  the  solution  is  made  in  an  open  vessel.     0. 
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time  perfectly  pure,  the  oxygenation  of  phosphorus  by  nitric  acid, 
is  the  most  eligible  process  (c,  of  the  preceding  article).  The  un- 
dccomposed  nitric  acid  must  be  separated  by  distillation  in  a  glass 
retort,  and  the  dry  mass,  when  fused,  affords  glacial  phosphoric 
acid. 

II.  The  phosphoric  acid  has  the  following  properties  : 

(c)  When  pure  it  dissolves  readily  in  water.  That  obtained  im- 
mediately from  bones  is  rendered  insoluble  by  the  admixture  of 
earthy  salts.  But  the  glacial  acid  prepared  with  nitric  acid,  is  rea- 
dily so;uble. 

(A)  It  is  not  volatile,  nor  capable  of  being  decomposed  hy  heat 
only,  nor  does  it  emit  any  smell  when  heated. 

(c)  It  is  composed,  according  to  the  experiments  of  Rose,  the 
correctness  of  which  is  admitted  by  Dr.  Wollaston,  of 

Phosphorus     .     .     46.72     .     .     100. 
Oxygen       .     .     .     53.28     .     .      114.6 


100. 

But  if  254  parts,  as  appears  from  the  experiments  of  Lavoisier 
and  of  Davy,  consist  of  100  phosphorus,  and  154  oxygen,  100  grains 
must  contain  39.5  phosphorus  and  60.5  oxygen  This  would  very 
nearly  agree  w'th  the  notion,  that  phosphoric  acid  is  constituted  of 
one  atom  of  phosphorus,  weighing  10,  and  two  atoms  of  oxygen  ZZ 
15,  and  the  weight  of  its  atom  must,  therefore,  be  25. 

(d)  When  distilled  in  an  earthern  retort  with  powdered  charcoal, 
phosphoric  acid  is  decomposed ;  its  oxygen,  uniting  with  the  car- 
bon, forms  carbonic  acid,  and  the  phosphorus  rises  in  a  separate 
state.     This  is  the  usual  and  best  mode  of  obtaining  phosphorus. 

The  phosphoric  acid  may  cither  be  employed  for  this  purpose  in 
the  state  of  glass,  finely  powdered,  and  mixed  with  its  weight  of 
pulverized  charcoal ;  or  to  the  evaporated  acid  of  bones,  when  ac- 
quiring a  thick  consistence,  powdered  charcoal  may  be  added,  in 
sufficient  quantity  to  give  it  solidity.  In  the  latter  mode,  however, 
the  materials  are  apt  to  swell,  and  to  boil  over.  The  mixture  of 
acid  and  charcoal  is  then  to  be  put  into  a  stoneware  retort,  coated 
with  Willis's  lute,  and  the  neck  of  which  is  lengthened  out  by  a  tin 
pipe.  The  open  end  of  the  pipe  is  to  be  immersed  in  a  vessel  of 
water.  The  heat  is  to  be  slowly  raised,  and  at  length  made  very- 
intense.  An  enormous  quantity  of  gas  escapes,  which  takes  fire 
on  coming  into  contact  with  the  atmosphere ;  and  the  phosphorus 
distils  over  in  drops,  which  congeal  in  the  water.  As  it  is  apt  also 
to  condense  in,  and  to  stop  up,  the  neck  of  the  retort  and  tin  pipe, 
it  must  be  occasionally  melted  out  of  these,  by  a  shovel  full  of  hot 
cinders,  held  under  them.  The  process  is  rather  a  difficult  one; 
and  though  it  is  proper  that  the  student  should  repeat  it  once,  in 
order  to  complete  a  course  of  experiments,  it  will  be  found  more 
economical  to  purchase  the  phosphorus  which  may  be  required  for 
experiments. 

Phosphorus  may  also  be  procured,  by  adding  to  urine  a  solution 


S£CT.  IV,  PHOSPHOROUS  ACID.  321 

of  lead  in  nitric  acid,  which  precipitates  a  phosphate  of  lead.  This, 
when  well  washed,  dried,  and  distilled  in  a  stoneware  retort,  yields 
phosphorus  :*  or  a  solution  of  phosphate  of  soda  (which  may  be 
bought  at  the  druggists),  mixed  with  one  ot  acetite  of  lead,  in  the 
proportion  of  one  part  of  the  former  salt  to  1  £  of  the  latter,  yields  a 
precipitate  of  phosphate  of  lead,  from  which  phosphorus  may  be  pro- 
cured by  distillation. 


SECTION  III. 

Phosphates. 

With  alkaline  and  earthy  bases,  the  phosphoric  acid  composes 
a  class  of  salts  called  Phosphates,  which  have  the  following  generic 
characters. 

1.  When  heated  with  charcoal,  they  are  not  decomposed,  nor  is 
phosphorus  obtained. 

2.  They  melt,  before  the  blow-pipe,  into  a  hard  globule,  some- 
times transparent,  at  others  opake. 

3.  They  are  soluble  in  nitric  and  muriatic  acids,  without  effer- 
vescence, and  are  precipitated  from  those  acids  by  lime-water  and 
pure  ammonia. 

4.  They  are  decomposed, in  part,  by  sulphuric  acid,  and  yield  a  li- 
quor which,  on  evaporation  and  distillation  with  charcoal,  affords 
phosphorus. 

The  phosphate  of  soda  is  the  only  one  of  these  salts  which  has 
any  important  use.  It  has  been  introduced  into  medicine,  by  Dr. 
Pearson,  as  a  purgative,  the  purposes  of  which  it  answers,  unaccom- 
panied by  any  nauseous  taste.  The  phosphate  of  lime,  besides  be- 
ing found  in  the  earth  in  a  mineral  form,  constitutes  a  large  part  of 
the  solid  matter  of  animal  bones. 

As  an  enumeration  of  these  salts  can  scarcely  be  interesting  to 
the  general  student,  and  as  the  properties  of  the  various  salts,  al- 
ready described,  furnish  abundant  discriminating  characters  of  the 
different  alkalis  and  earths,  I  deem  it  sufficient  to  refer,  for  a  detail- 
ed account  of  them,  to  Dr.  Thomson's  Elements,  or  La  Grange's 
Manual. 


SECTION  IV. 

Phosphorous  Acid— Phosphites. 

Phosphorous  acid  cannot,  according  to  Sir  H.  Davy,  be  obtained 
pure  by  exposing  cylinders  of  phosphorus  to  atmospheric  air  ;  for, 
wheu  thus  prepared  it  always  contains  phosphoric  acid.     It  can  on- 

'   Sec  Crell's  Journal,  Translation,  iii.  36. 
s  s 
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ly  be  procuved  in  a  state  oi  purity,  first,  by  subliming  phosphorus 
through  corrosive  sublimate;  then  mixing  the  product  with  water, 

and  heating  u,  till  it  becomefe  of  the  consistence  oi  syrup.  The  li- 
quid obtained  is  a  compound  oi  pure  phc  pliorus  ucicl  and  water, 
Which  becomes  solid  and  crystalline  on  tooting.  It  is  acid  to  the 
taste,  reddens  vegetable  blues,  and  unites  with  alkalis 

YVneii  the  compound  of  phospnorus  and  chlorine  formed  in  the 
fit  st  stage  of  the  foregoing  process,  is  brought  into  contact  witli 
water,  the  water  is  decomposed  ;  its  hydrogen  uniting  with  chlo- 
rine composes  muriatic  aeid  ;  and  its  oxygen  combining  with  phos- 
ph   ;us  forms  phosphorous  acid. 

T.ie  phosphorous  acid  exliales  a  disagreeable  foetid  odour  ;  and 
yitids,  when  htated,  penetrating  white  vapours.  When  heated  in 
a  glass  ball,  blown  at  tne  end  of  a  small  tube,  a  gas  issues  from  the 
orifice  of  the  tube,  which  inflames  on  coming  into  contact  with  the 
atmosphere.  Hence  it  appears  to  contain  an  excess  of  phosphorus. 
The  residuum  in  the  bail  is  phosphoric  acid.  From  the  expert- 
ise its  of  Rose  on  the  phosphoric  acid,  Gay  Lussac  infers  that,  con- 
formably to  his  own  hypotnetical  views,  pnospnorus  acid  must  con- 
sist of 

Phosphorus     .     .     5681     .     .      100 
Oxygen      .     .     .     43.19     .     .       76 


100. 


These  proportions  do  not  differ  materially  from  those  stated  by 
Sir  H.  Davy.  From  a  comparison  of  the  composition  of  the  phos- 
phorous and  phosphoric  acids,  it  will  appear,  that  the  oxygen  of  the 
latter  is  not  a  multiple  of  that  of  the  former,  by  any  entire  number; 
but  bears  to  it  the  proportion  of  3  to  2.  Hence  it  is  probable,  that 
there  is  an  oxide  of  phosphorus,  not  yet  demonstrated  by  experi- 
ment, consisting  of  100  parts  of  phosphorus,  and  38  oxygen.  This 
proportion  of  oxygen,  multiplied  by  two,  would  give  the  phosphoroas, 
and  by  three  the  phosphoric  acid.  And  the  atom  of  phosphorus, 
agreeably  to  this  view,  would  be  represented  by  20,  for  38:  100:: 
7.5  :  20  very  nearly.  The  atom  of  the  oxide  would  then  be  denoted 
by  27.5  ;  that  of  phosphorous  acid  by  35;  and  that  of  phosphoric 
acid  by  42.5. 

The  combinations  of  phosphorous  acid  with  alkaline  and  earthy 
bases  are  called  phosphites. 

The  phosphites  differ  considerably  in  their  characters  from  phos- 
phates. 

1.  They  exhale  a  smell  of  phosphorus. 

2.  When  heated,  they  emit  a  phosphorescent  flame. 

3.  Distilled  in  a  strong  heat,  they  yield  a  little  phosphorus,  and 
are  converted  into  phosphates. 

4.  They  detonate,  when  heated  with  oxy-muriate  of  potash. 

5.  They  are  changed  into  phosphates  by  nitric,  and  by  oxy-mu- 
riatic  acid. 
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Binary  Compounds  of  Phoa/ihorus. 

I.  Phosphorus  is  susceptible  of  combination  with  sulphur,  and 
»ffords  a  compound,  the  properties  of  which  vary,  according  to  the 
proportion  oi  its  ingredients.  It  may  be  obtained  by  melting  these 
substances  together  in  a  tube,  the  mouth  of  which  is  loosely  shop- 
ped by  paper;  or  by  tusing  t;.ese  two  bodies,  very  cauiiousiy,  and 
in  sma.l  quantities,  at  tne  bottom  of  a  Florence  oil  flask,  nearly  fill- 
ed with  water.  The  process  is  attended  with  some  danger;  and 
requires  several  precautions,  which  will  be  suggested  by  the  es- 
says of  Messrs.  Accum  and  Briggs,  published  in  the  6th  and  7th 
volumes  of  Nicholson's  Journal.  The  compound  is  much  more 
fubibie  and  combustible,  than  the  s<  parate  components. 

II.  Phosphorus  combines  with  the  pure  fixed  alkalis,  and  with 
earths,  and  composes  the  class  of  phosphurets.  That  of  lime  is 
tiic  most  readily  formed,  and  exhibits,  extremely  well,  the  proper- 
ties of  these  compounds.     It  is  prepared  as  follows: 

Take  a  glass  tube,  about  12  inches  long,  and  one  third  of  an  inch 
diameter, sealed  hermetically  at  one  end.  Let  this  tube  be  coated 
with  clay,  except  within  about  half  an  inch  oi  the  sealed  end  Put 
first  into  it  a  drachm  or  two  of  phosphorus  cut  into  small  pieces, 
and  then  fill  the  tube  with  small  bits  ot  fresh  burnt  lime, of  the  size 
of  sp;k  peas.  Stop  the  mouth  of  the  tube  loose -y  with  a  little  pa- 
per, in  order  to  prevent  the  free  access  of  air. — Next,  heat  to  red- 
ness that  part  of  the  lube  which  is  coated  with  day,  by  means  of  a 
chafing-dish  of  red-hot  charcoal;  and,  when  the  lime  maybe  sup- 
posed to  be  ignited,  apply  heat  to  the  part  containing  the  phospho- 
rus, so  as  to  sublime  it,  and  to  bring  the  vapour  of  it  into  contact 
with  the  heated  lime.  The  lime  and  phosphorus  will  unite,  and 
will  afford  a  compound  of  a  reddish-brown  colour. 

If  the  carbonate  of  lime  be  substituted  for  pure  lime,  the  carbo- 
nic acid  is  decomposed.  Its  carbon  is  set  at  liberty,  and  appears 
in  the  state  ot  charcoal  ;  while  its  oxygen  unites  with  the  phospho- 
rus;  and  the  phosphoric  acid,  thus  produced,  forms  phosphate  of 
lime.  In  this  experiment,  carbonic  acid  is  decomposed  by  the  con- 
spiring affinities  of  phosphorus  for  oxygen,  and  of  lime  for  phos- 
phoric acid,  though  tiie  former  affinity  only  would  be  inadequate  to 
produce  the  effect. 

The  phosphuret  of  lime  has  the  remarkable  property  of  decom- 
posing water  at  the  common  temperature  of  the  atmosphere  ;  and 
the  water  afterwards  contains  phosphite,  not  phosphate,  of  lime.* 
Drop  a  small  piece  of  it  into  a  wine-glass  of  water,  and  in  a  short 
time  bubbles  of  phosphuretted  hydrogen  gas  will  be  produced  ; 
which,  rising  to  the  surface,  will  take  fire,  and  explode  If  the 
phosphuret  of  lime  be  not  perfectly  fresh,  it  may  be  proper  to 
warm  the  water  to  which  it  is  added. 

*  Gay  Lussac,  85  Ann.  de  Ch.  206. 
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Into  an  ale-glass  put  one  part  of  phosphuret  of  lime,  in  pieces 
about  the  sizu  of  a  pea,  (not  in  powder,)  and  add  to  it  half  a  part  of 
hypi  r-oxy- muriate  of  potash.  Fill  the  glass  with  water,  and  put 
into  it  j  tunnel,  with  a  long  pipe,  or  narrow  glass  tube,  reaching  to 
the  bottom.  Through  this  pour  three  or  four  parts  of  strong  sul- 
phuric, acid,  which  will  decompose  the  hyper-oxygenized  salt;  and 
the  phosphuret  also  decomposing  the  water  at  the  same  time, 
flashes  ol  tire  dart  from  the  surface  of  the  fluid,  and  the  bottom  of 
the  vessel  is  illuminated  by  a  beautiful  green  light.     (Davy.) 

Another  combination  of  phosphorus,  the  properties  of  which 
render  it  a  fit  subject  of  amusing  experiments,  is  the  phosphuret- 
ted  hydrogen  gas. 

Art.  3 — Phosphuretted  Hydrogen  Gas. 

I.  This  gas  may  be  procured,  by  boiling,  in  a  retort,  a  little 
phosphorus  with  a  solution  of  pure  potash.  The  water  is  decom- 
posed ;  its  oxygen,  uniting  with  the  phosphorus,  forms  phosphoric 
acid,  which  combines  with  the  alkali,  while  the  hydrogen  dissolves 
another  portion  of  phosphdrus,  constituting  phosphuretted  hydro- 
gen gas. — This  gas  may  also  be  obtained,  by  putting  into  five  parts 
ol  water  half  a  part  of  phosphorus,  cut  into  very  small  pieces, 
with  one  of  finely  granulated  zinc,  and  adding  three  parts  of  strong 
sulphuric  acid.  This  affords  an  amusing  experiment.  The  gas  is 
disengaged  in  small  bubbles,  which  cover  the  whole  surface  of  the 
fluid,  and  take  fire  on  reaching  the  air  ;  these  are  succeeded  by 
others,  and  a  well  of  fire  is  produced.     (Davy.) 

In  preparing  this  gas,  the  body  of  the  retort  should  be  filled,  as 
nearly  as  possible,  with  the  alkaline  solution  ;*  otherwise  the  gas, 
when  produced,  will  inflame  and  diminish  the  air  within  the  re- 
tort, and  the  water  will  ascend  from  the  trough.  This  accident  may 
be  effectually  prevented,  by  previously  filling  the  retort  with  hydro- 
gen gas  f 

*  The  phosphorus  should  first  be  melted,  under  water,  in  the  retort;  which 
is  to  be  emptied  when  the  phosphorus  has  congealed,  and  then  entirely  filled  by 
the  alkaline  solution.  Of  this,  a  sufficient  portion  is  to  be  displaced  by  hydro- 
gen gas,  forced  through  a  bent  pipe  from  a  bladder. 

-j-  This  experiment,  which,  by  the  account  above  given,  is  a  very  troublesome 
one,  is  really  one  of  the  most  simple  and  easy  in  the  practice  of  chemistry.  By 
the  plan  I  am  about  to  mention,  1  have  repeatedly  extricated  the  gas  in  torrents 
from  a  retort  of  a  quart  measure; — and  1  generally  employ  one  in  my  lectures 
of  from  half"  a  pint  to  a  pint.  By  knowing  the  sources  of  danger  or  difficulty 
in  any  experiment,  we  are  enabled  to  obviate  them.  Now  these  are  two  fold  in 
the  extrication  of  phosphureted  hydrogen.  1.  That  arising  from  atmospheric 
air  in  the  retort,  by  which  an  e xplision  ensues,  as  soon  as  the  gas  extricated 
comes  in  contact  with  it.  2  At  the  conclusion  of  the  process,  the  retort  is 
chiefly  filled  with  aqueous  vapour,  which  by  condensation,  from  the  cessation  of 
a  boiling  heat  in  the  ingredients  of  the  retort,  would  establish  a  vacuum,  did  not 
tht  atmospheric  pressure  force  the  water  up  into  the  retort;  but  by  the  colder 
fluid  thus  coming  in  contact  with  the  glass  at  the  surface  of  the  liquid  in  the 
body  of  the  retort,  this  vessel  is  frequently  broken,  and  the  contents  discharg- 
ed. The  retort  likewise  is  often  tilted  up  by  the  weight  of  the  water  rushing 
into  it,  as  well  as  by  the  impulse  its  velocity  communicates,  and  any  phosphuret- 
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II.  The  properties  of  this  gas  are  the  following  : 

(a)  It  takes  tire  immediately  on  coming  into  contact  with  the  air. 
Tins  may  be  shown  by  letting  it  escape  into  the  air,  as  it  issues 
from  the  retort,  when  a  very  beautiful  appearance  will  ensue.  A 
circular  dense  white  smoke  rises  in  the  form  of  a  horizontal  ring, 
which  enlarges  its  diameter  as  it  ascends,  and  forms  a  kind  of  co- 
rona. 

(b)  When  mixed  suddenly  with  oxygen  gas,  it  detonates.  One 
measure  requires  1^  of  ox)  gen  for  saturation. 

This  experiment  should  be  made  cautiously,  and  in  small  quan- 
tity. But  in  a  tube  only  three  tenths  of  an  inch  in  diameter,  the 
mixture  does  not  detonate. 

(cj  The  same  phenomenon  ensues  on  mixing  it  with  oxy-muria- 
tic  acid  gas,  or  v\  iih  nitrous  oxide. 

When  mingled  with  any  of  these  gases,  it  should  be  passed  up 
by  not  more  than  a  bubble  or  two  at  once. 

(d)  Sulphurous  acid  and  phosphuretted  hydrogen  gases,  when 
mingled  together,  mutually  decompose  each  other. 

(r)  It  deposits  phosphorus,  by  standing,  on  the  inner  surface  of 
the  receiver,  and  ioses  its  property  of  spontaneous  accension.  It 
is,  also,  decomposed  by  electricity,  without  any  change  of  volume. 

(/)  Its  specific  gravity  is  very  variable.  Sir  H.  Davy  has  ob- 
tained it,  trom  phosphorus  and  alkaline  lixivia,  of  all  specific  gra- 
vities from  400  to  700,  and  Mr.  Dalton  states  it  at  850,  air  being 
1000.  The  quantity  absorbed  by  water  is  stated  by  the  former  at 
-Jg  its  bulk,  and  by  the  latter  at  jV 

(§•)  Two  measures  of  the  gas  heated  with  potassium  become 
three,  and  phosphuret  of  potassium  is  formed. 

Phosphorus  is  also  soluble  in  oils  ;  and,  when  thus  dissolved, 
forms  what  has  been  called  liquid  phosphorus,  which  may  be  rub- 
bed on  the  face  and  hands  without  injury.  It  dissolves  too  in  ether, 
and  a  very  beautiful  experiment  consists  in  pouring  this  phosphoric 
ether  in  small  portions,  and  in  a  dark  place,  on  the  surface  ol  hot 
water. 

The  phosphoric  matches  consist  of  phosphorus   extremely  dry, 

€(1  hydrogen  in  it  is  instantly  inflamed,  and  an  explosion  ensiles.  Without  any 
other  trouble  than  that  of  preparing-  a  boiling  solution  of  potash,  with  which  I  fill 
both  the  retort,  and  the  vessel  in  w  liich  its  mouth  is  dipped,  all  danger  is  avoid- 
ed, and  the  process  may  continue  until  the  phosphorus  is  gone.  The  gas  extri- 
cated in  the  retort,  by  a  lamp  heat,  finds  no  oxygen  to  produce  an  explosion  ;  it 
continues  therefore  to  augment,  and  gradually  forces  down  the  alkahne  solution 
in  the  neck,  until  it  escapes  itself  at  the  beak,  and  passes  through  the  hot  solu- 
tion in  the  bowl  into  the  air,  when  it  inflames.  Should  the  heat  slacken,  and  an 
absorption  ensue,  nothing  passes  up  into  the  retort,  but  a  hot  solution  of  the  aikaii 
from  the  bowl ;  and  as  the  retort  is  lied  down,  the  sudden  impulse,  and  weielit 
acquired,  is  incapable  of  tilting  up  the  mouth  of  the  retort  above  the  fluid,  so  ,,s 
to  admit  any  air,  which  might  induce  an  explosion,  should  any  of  the  gas  be 
Still  in  it.  A  general  idea  of  the  apparatus  is  given  in  the  10th  plate  ;  and  alter 
nine  or  ten  years  use,  during  which  1  have  never  broken  a  single  retort,  or  me* 
with  an)  accident,  (although  before  I  fell  upon  this  plan,  I  suppose  I  had  lost 
twenty,)  1  can  salely  recommend  its  adoption.  In  the  common  mode  mom- 
mended,  we  are  also  confined  to  the  use  of  very  small  retorts  of  two  or  three 
ounce  measures.    C. 
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minutely  divided,  and  perhaps  ±  little  oxygenized.  The  simplest 
mode  of  making  them  is  to  put  a  lmle  phosphorus,  dried  by  blot- 
ting-paper, into  a  small  phiai ;  heai  the  phial,  and  when  the  phos- 
phorus is  melted,  turn  it  round,  so  thai  the  pbosphon  »  nay  ad- 
here to  the  sides.  Cork  the  phial  closely  ;  and  it  is  prepuied.  On 
putting  a  common  sulphur  match  into  the  bottle,  aim  staring  it 
about,  i he  phosphoius  will  adhere  to  the  match,  and  will  take  lire 
when  brought  out  into  the  air. 

Art.  4. — Hydro -phosfihoric  Gas. 

By  heating  solid  phosphorous  acid  out  of  the  contact  of  air  a 
■  large  Quantity  ol  elastic  fluid  is  generated,  whieh  may  be  collected 
by  a  proper  apparatus,  and  has  singular  properties. 

It  has  a  disagreeable  smell,  but  is  not  so  offensive  as  phosphu- 
retted  hydrogen.  It  does  not  explode  spontaneously,  but  detonates 
violently  when  heated  with  oxygen  to  about  3  >0°  Fahrenheit  It 
explodes  in  chlorine  with  a  white  flame.  Water  absorbs  about  £ 
its  volume.  Its  specific  gravity  was  found  by  Sir  H.  Davy  to  be 
to  that  of  hydrogen  as  12  to  1. 

Potassium  doubles  its  volume,  and  the  residue  is  pure  hydrogen. 
Sulphur  occasions  the  formation  of  sulphuretted  hydrogen,  equal 
in  volume  to  twice  the  original  gas.  Tnree  parts  of  it  in  volume 
condense  more  than  five  of  oxygen  ;  and  one  in  volume  absorns 
four  of  chlorine. 

For  this  gis,  its  discoverer,  Sir  H.  Davy,  has  proposed  the  name 
of  hydro  phosphoric  gas.*  It  appears  to  be  constituted  of  two  atoms 
of  hydrogen  and  one  of  phosphorus  ;  an>)  the  hydrogen  in  it  is  con- 
densed into  half  its  bulk. 

Its  formation  appears  to  be  owing  to  the  decomposition  of  water, 
the  oxygen  of  which,  with  part  of  the  phosphorous  acid,  forms 
phosphoric  acid,  while  the  hydrogen  dissolving  the  excess  of  phos- 
phorus in  another  portion  of  phosphorous  acid,  composes  the  pecu- 
liar gas. 

Art.  5. —  Combinations  of  Phosfihorus  with  Chlorine. 

When  phosphorus  is  introduced  into  chlorine  gas,  it  takes  fire 
and  burns  with  a  pale  flame,  and  a  white  solid  substance  condenses 
on  the  sides  of  the  vessel.  Each  grain  of  phosphorus  absorbs  about 
nine  cubical  inches  of  gas.  The  solid  produced  is  volatile  at  a  tem- 
perature below  212°.  It  acts  violently  on  water,  and  decomposes 
it,  the  hydrogen  of  the  water  producing  muriatic  acid  with  the 
chlorine,  and  the  phosphorus  forming  phosphoric  acid  with  the  oxy- 
gen.    This  substance,  in  its  dry  state,  contains  no  oxygen,  and  is 

*  Here  we  have  another  instance  of  the  inaccuracy  arising  from  the  applica- 
tion of  the  same  term  to  bodies  of  a  different  nature.  7/</<iro-sulpliuret,  an  union 
of  hydrogen  with  sulphur,  //y/ro-phosphoric  acid,  an  union  of  water  and  dry 
phosphoric  acid,  /fyr/ro-phosphoric  gas,  an  union  of  hydrogen  and  of  solid  phos- 
phorus. Our  nomenclature  is  undoubtedly  deserving  of  revision,  on  this,  as  on 
many  other  points.    C. 
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constituted  of  phosphorus  and  chlorine,  in  the  proportion  of  20  of 
the  former  to  67  of  the  latter. 

Another  compound  of  phosphorus,  with  a  less  proportion  of  chlo- 
rine, may  be  formed,  by  passing  the  vapour  of  phosphorus  through 
heated  corrosive  sublimate.  It  is  a  liquid  of  the  specific  gravity 
1.45.  It  docs  not  redden  dry  litmus  paper;  but  its  fumes  become 
acid  by  decomposing  the  aqueous  vapour  in  the  air.  It  consists  of 
chlorine  and  pnosphorus  in  the  proportion  of  20  to  33.5.  Both 
these  compounds  were  discovered  by  Sir  H  Davy,  who  has  termed 
the  latter  fihosfihorane  and  the  former  phonfihorana. 


CHAPTER  XVI. 

BOKAC1C   ACID. 

I.  THIS  acid  is  very  rarely  found  native  ;  and,  for  purposes  of 
experiment,  is  obtained  from  the  purified  borax  of  commerce,  by 
one  of  the  following  processes  : 

I.  To  a  solution  of  borax,  in  boiling  water,  add  half  its  weight  of 
sulphuric  acid,  previously  diluted  with  an  equal  quantity  of  water. 
Evaporate  the  solution  a  little;  and,  on  cooling,  shining  scaly  crys- 
tals will  appear,  which  consist  of  boracic  acid.  Let  them  be  well 
washed  with  d. stilled  water,  and  dried  on  filtering  paper. 

2  Let  any  quantity  of  borax  be  put  into  a  retort,  with  half  its 
weight  of  sulphuric  acid,  and  half  its  weight  of  water.  Boracic  acid 
may  be  obtained  by  distillation,  and  may  be  purified,  by  washing  in 
water,  Sec,  as  before.  By  neither  of  these  processes,  however,  is 
it  obtained  perfectly  pure;  for  electrical  analysis  discovers  in  it  a 
minute  portion  both  of  alkali  and  of  sulphuric  acid.  (Davy.) 

II.  Boracic  acid  has  the  following  qualities  : 

1.  It  has  the  form  of  thin  white  scales,  is  destitute  of  smell  ;  and 
nearly  so  of  taste.     Its  specific  gravity  is  1.479. 

2.  It  fuses,  when  heated,  and  loses  its  water  of  crystallization.  If 
the  heat  be  increased  suddenly,  before  it  has  lost  its  water  of  crys- 
tallization, it  sublimes;  but,  otherwise,  it  melts  into  a  glass,  which 
is  permanent  in  the  strongest  fire,  and  has  the  specific  gravity 
1.803. 

3.  It  is  generally  described  as  soluble  in  twelve  parts  of  cold 
water,  and  in  three  or  four  of  boiling  water  ;  but,  according  to  Sir 
H.  Davy,  even  boiling  water  does  not  take  up  above  -£§  of  its 
weight. 

4.  This  solution  reddens  vegetable  blue  colours,  and  effervesces 
with  alkaline  carbonates. 

5.  It  is  soluble  in  alcohol,  and  the  solution  burns  with  a  beautiful 
green  flame.* 

*  A  very  interesting  comparative  experiment  is  exhibited  by  three  cups,  the 
two  exterior  holding,  the  one  a  solution  Of  nitrate  of  copper  in  alcohol,  the 
other  one  of  the  boracic  acid  ;  and  the  intermediate,  a  solution  of  nitrat  of 
strontian  in  alcohol.  The  carmine  flame  of  the  last,  is  pleasingly  contrasted 
with  the  different  coloured  green  flames  »f  the  other  solutions     C, 
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The  boracic  acid,  which  had  resisted  all  other  means  of  analysis, 
has  at  length  yielded  to  the  attempts  of  Sir  H.  Davy  to  decompose 
it  by  tne  action  of  Volta:c  electricity.  Wnen  slightly  moistened 
with  water,  and  exposed,  between  two  surfaces  of  platina,  to  a  bat- 
tery of  500  pairs  of  plates,  an  olive-brown  matter  immediately  be- 
gan to  form  on  the  negative  surface,  which  gradually  increased  in 
thickness,  and  at  length  became  almost  black.  It  was  not  changed 
by  water,  but  dissolved  with  effervescence  in  warm  nitrous  acid. 
When  heated  to  redness  on  platina,  it  burned  slowly,  and  gave  off' 
white  iumes,  which  had  acid  properties.  A  black  mass  remained, 
which,  when  extmined  by  the  magnifier,  appeared  vitreous  at  the 
surface,  and  evidentally  contained  a  fixed  acid. 

Boron.* 

As  this  peculiar  combustible  substance  was  a  non-conductor  of 
electricity,  it  was  found  impossible  to  obtain  it  in  this  way,  except 
in  very  thin  films.  By  the  action  of  potassium,  hdwever,  it  was 
procured  in  large  quantities.  Twelve  or  fourteen  grains  ol  boracic 
acid  were  heated,  in  a  green  glass  tube,  with  the  same  quant  ty  of 
potassium. t  A  most  intense  ignition  ensued  ;  and  the  potassium, 
where  it  was  in  contact  with  the  boracic  acid,  entered  into  vivid  in- 
flammation. A  quantity  of  hydrogen  gas  appeared,  equal  to  about 
twice  the  bulk  of  the  acid.  To  collect  the  results,  tubes  of  metal 
were  employed  ;  for  the  most  part  of  brass,  which  appears  to  an- 
swer best.  The.  residue  in  the  tube  was  dissolved  in  water,  and  the 
insoluble  part  collected  on  a  filter.  Its  properties  are  described  as 
follows  : 

1.  It  is  in  the  form  of  a  powder,  in  colour  of  the  darkest  shade  of 
olive.  It  is  very  friable  and  not  sufficiently  hard  to  scratch  glass. 
It  is  a  non-conductor  of  electricity. 

2.  When  it  has  been  dried  at  only  100°  or  12u°,  it  gives  off  mois- 
ture by  increase  of  temperature.  In  the  atmosphere  it  takes  fire, 
at  a  heat  below  that  of  boiling  olive  oil ;  and  burns  with  a  red  light, 
and  scintillations  like  charcoal. 

3.  It  is  not  decomposed  by  heat  in  a  platina  tube,  though  raised 
to  whiteness.  The  only  change  in  it  appears  to  be  an  increase  ot 
specific  gravity. 

*  Called  at  first  by  Sir  H.  Davy  boracium  ,•  presuming  it  to  be  metallic,  wliicli 
subsequent  experiment  did  not  appear  to  warrant.  This  might  have  been  a 
sufficient  warning  to  Sir  Humphrey,  not  to  be  so  precipitate  in  naming  every 
newly  discovered  body  before  he  was  fully  acquainted  with  its  properties,  &c 
and  indeed  it  would  be  by  no  means  improper,  that  other  scientific  characters 
■should  be  consulted,  in  establishing  the  nomenclature.     C. 

j-  In  the  16th  vol.  of  Schweiger's  Journal,  we  have  the  following  method  laid 
down  for  procuring  boron,  from  borax  (sub-borat  of  soda)  by  Mr.  Doebereiner. 

After  fusing  the  borax  and  reducing  it  to  fine  powder,  we  add  one-tenth  its 
weight  of  lampblack.  The  mixture  is  put  into  a  gun  barrel  closed  at  one  end, 
and  at  the  other  having  a  tube  to  collect  the  gas.  It  is  then  heated  for  two  hours 
at  a  white  heat.  There  is  a  disengagement  of  much  gaseous  oxyd  of  carbon, 
and  when  the  process  is  completed,  we  find  in  the  barrel  a  compact  mass,  of  a 
greyish  black  colour,  which  is  to  be  pulverised,  and  which  after  frequent  wash- 
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4.  In  oxygen  gas  it  burns  with  a  most  brilliant  light,  and  is  part- 
ly converted  into  boracic  acid,  and  partly  into  a  black  substance, 
which  requires  a  higher  temperature  lor  its  inflammation,  and  pro- 
ducts a  fresh  quantity  ofboracic  acid. 

5.  In  oxymufiatic  acid  gas,  it  takes  fire  at  common  temperatures, 
and  boracic  acid  is  regenerated  with  a  portion  of  the  black  matter 
already  described. 

6.  It  was  not  soluble  cither  in  nitrogen  or  hydrogen  gases. 

7.  Ii  decomposed  the  nitric  and  sulphuric  acids,  and  boracic  acid 
was  produced. 

8.  It  combined  with  alkalis,  and  gave  pale  olive  coloured  com- 
pounds, from  which  dark  precipitates  were  separated  by  muriatic 
acid. 

9.  It  slowly  combined  with  melted  sulphur,  which  acquired  an 
olive  tint;  but  with  phosphorus  scarcely  any  union  seemed  to  take 
place.  Neither  did  it  combine  with  mercury. 

These  qualities  are  sufficient  to  show  that  the  combustible  sub- 
stance, obtained  from  boracic  acid,  and  constituting  its  base,  is  dif- 
ferent from  every  other  known  species  of  matter.  Sir  H.  Davy 
has,  therefore,  proposed  for  it  the  term  boron.  As  to  its  nature, 
he  is  of  opinion  that  it  is  probably  a  compound,  and  that  one  of  its 
ingredients,  which  enters  into  alloy  with  potassium  and  with  iron, 
is  the  true  basis  of  the  boracic  acid.  The  olive  coloured  substance, 
whose  properties  have  been  already  described,  he  believes  to  con- 
sist of  this  basis,  united  with  a  little  oxygen  ;  that  when  farther  oxy- 
diEed  it  forms  the  black  matter;  and  that,  in  its  full  state  of  oxyge- 
nation, it  constitutes  boracic  acid. 

The  proportion  of  ingredients  in  the  boracic  acid  has  not  been 
accurately  determined.  It  is  stated,  merely  as  an  approximation, 
that  it  consists  of  one  part  by  weight  of  inflammable  base  united 
with  two  parts  of  oxygen.  In  the  black  substance,  Sir  H.  Davy  sup- 
poses that  about  three  parts  of  the  inflammable  base  are  combined 
with  only  one  of  oxygen. 

Boracic  acid  combines  with  alkalis  and  earths ;  but  the  only  im- 
portant combination,  which  it  forms,  is  with  soda.  This  compound 
is  found  native  in  India,  and  is  brought  to  this  country,  under  the 
name  of  tincal,  or  brute  borax,  which  when  purified,  affords  the 
borax  of  the  shops.  In  the  borate  of  soda,  the  alkaline  ingredient 
is  in  excess,  and  hence  the  salt  converts  vegetable  blue  colours  to 
green.     It  is  therefore,  in  strictness,  a  sub-borate. 

Sub-borate  of  soda  crystallizes  in  prisms  with  six  irregular  sides. 
It  effloresces  in  the  air.     It  fuses  when  ignited ;  loses  its  water  of 

ing  in  boiling-  water,  and  once  with  hydro-chloric  acid  (muriatic  acid),  yields  a 
pulverulent  substance  ofa  greenish  black,  resembling  boron,  excepting  that  ii 
is  still  mixed  with  a  little  charcoal.  Mr.  Docberciner  thinks  the  carbon  begins 
by  reducing  the  soda,  and  that  it  is  the  sodium  which  then  reduces  the  boracic 
acid-  He  believes  therefore  that  we  should  procure  much  more  ol  the  boron. 
by  adding  to  the  borax  one  half  its  weight  of  soda  or  potash,  and  double  the 
quantity  of  carbon  to  ,:  tated.    Annates  de  Chfmie,  1816.    C. 
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crystallization  ;  and  leaves  a  glass,  which  is  transparent  when  cold, 
and  which  is  of  great  use  in  experiments  with  the  blow  pipe.  Tue 
sal  dissolve^  in  twelve  parts  of  cold  water,  or  in  six  01  boding  wa- 
ter. It  is  susceptible  of  combination,  by  fusion,  with  siiex  and  with 
alumine  ;  and  hence  is  employed  in  making  artificial  gems. 

For  a  description  of  the  remaining  borates,  I  refer  to  the  2d- 
volume  of  Thomson's  System  of  Chemistry,  or  the  1st  volume  of 
La  Grange's  Manual. 


CHAPTER  XVII. 

FLUOUIC   ACID. 

I.  THE  fluoric  acid  may  be  obtained  from  a  substance  found  abun- 
dantly in  Derbyshire,  under  the  name  ofjiuor  s/iar.  In  converting 
this  spai  to  ornamental  purposes,  small  pieces  are  broken  off,  which 
may  be  had  at  a  cheap  rate. 

Pure  fluoric  acid  has  never  yet  been  obtained  in  a  gaseous  state  ; 
for  we  are  acquainted  with  it,  as  a  gas,  in  only  two  forms,  viz.  of 
combination  with  silex,  and  with  boracic  acid. 

Silicated  fluoric  gas  may  be  prepared  by  pouring  on  fluor  spar, 
finely  powdered,  and  mixed  with  half  its  weight  of  powdered  glass, 
an  equal  weight  of  strong  sulphuric  acid.  It  may  be  received  over 
mercury  in  glass  vessels,  the  transparency  of  which  it  does  not  im- 
p  n\  lis  specific  gravity  is  very  great,  100  cubic  inches  weighing 
1 10.78  grains. 

By  causing  a  known  volume  of  it  to  be  absorbed  by  liquid  am- 
monia, Dr.  John  Davy  separated  the  silex,  which  formed  61.4  per 
cent,  of  the  weight  of  the  gas.  When  the  gas  is  absorbed  by 
water,  much  of  the  silex  is  deposited,  and  it  retain s  only  54.5  per 
cent,  of  that  earth  in  combination.  To  this  liquid,  Dr.  Davy  gives 
the  name  of  subsilicated  fluoric  acid. 

Water  absorbs  about  263  times  its  bulk  of  the  gas,  and  the  solu- 
tion may  be  kept  in  glass  vessels*  without  corroding  them. 

It  condenses  twice  its  volume,  and  no  other  proportion,  of  am- 
moniacal  gas,  forming  a  dry  white  salt,  which  is  slightly  acid,  depo- 
sits some  silex  when  dissolved  in  water,  and  when  its  concentrated 
solution  is  boiled  in  glass  vessels,  powerfully  corrodes  them.  When 
an  excess  of  liquid  ammonia  is  added,  the  whole  of  the  silex  is 
precipitated,  and  a  pure  fluate  of  ammonia  is  obtained. 

Potassium,  heated  in  silicated  fluoric  gas,  takes  fire,  and  burns 
with  a  deep  red  light.  In  an  experiment  of  Sir  H.  Davy,  after  the 
combustion,  the  whole  of  the  fluoric  acid  was  found  to  be  destroy- 
ed, and  no  gas  left  but  a  residuum  of  hydrogen.    But  from  fluoric 

*  This  is  not  strictly  the  case  ;  it  does  corrode  ihem,  but  in  a  degree  far  in- 
ferior to  the  silicated  gas.  It  is  sufficiently  strong  nevertheless  to  be  employed 
for  etching  on  glass.    C 
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acid,  long  exposed  to  calcined  sulphate  of  soda,  hardly  one  tenth  its 
bulk  of  hydrogen  could  be  thus  developed. 

The  bottom  of  the  retort,  in  these  cases,  was  covered  with  a  sub- 
stance of  various  colours,  in  some  parts  chocolate,  in  others  yellow, 
which,  being  heated  in  contact  with  air,  burned  slowly,  lost  its  co- 
lour, and  became  a  white  sali.ie  mass.  In  oxygen  gas,  it  burned 
with  an. absorption  of  oxygen,  but  not  with  any  great  intensity,  re- 
pioctucing  silicated  fluoric  acid  gas. 

By  the  action  of  this  substance  on  water,  fluoric  acid  and  potash 
were  generated  ;  and  some  chocolate  coloured  particles  were  se- 
parated by  the  filter,  which,  when  dried,  and  heated  in  oxygen  gas, 
burned  and  absorbed  oxygen.  By  this  combustion,  fluoric  acid  was 
also  generated. 

Hydro -fluoric  Acid. 

The  fluoric  acid  may  be  obtained  in  a  liquid  state,  from  fluor  spar 
and  twic<  its  weight  of  strong  sulphuric  acid,  by  using  a  leaden 
retort  j nd  leaden  receiver.  An  ingenious  apparatus,  invented  for 
this  purpose  by  Mr  Knight,  is  des' ribed  and  figured  in  the  17th 
volume  of  tiie  Philosophical  Magazine.*  The  receiver  should  be 
surrounded  with  snow  or  pounded  ice. 

The  liquid  acid  must  be  preserved  in  leaden  or  silver  bottles,  as 
it  soon  corrodes  anc;  penetrates  glass  ones.  Its  volatility,  however, 
is  such  tha.  it  is  extremely  difficult  to  confine  it.  In  this  state  of 
watery  solution,  it  readily  combines  with  alkalis,  and  forms  soluble 
compounds.  Its  combinations  with  the  earths  are  for  the  most  part 
highly  insoluble.  The  fluates  have  no  properties  that  can  render 
them  interesting  to  the  student,  except  the  use  of  the  alkaline 
ones  as  tests,  which  will  be  described  in  a  subsequent  part  of  the 

Work. 

To  the  liquid  solution  of  fluoric  acid,  Gay  Lussac  and  Thenard 
have  given  the  name  of  silici-fluoric  acid.  Its  specific  gravity,  Sir 
II.  Davy  finds  to  he  1.0609.  By  adding  water,  in  very  small  quan- 
tities at  once,  its  specific  gravity  is  gradually  increased  to  1,2.5,  a 
property  observed  in  no  other  liquid.  When  suddenly  mixed  with 
water,  it  becomes  very  hot  and  even  boils  ;  it  emits  dense  and 
noxious  vapours;  acts  instantly  and  strongly  on  glass;  and  power- 
fully affects  the  skin,  on  which  it  raises  painful  pustules,  or,  if  in 
sufficient  quantity,  occasions  deep  and  dangerous  ulcers. — A  small 
piece  of  potassium  thrown  into  it,  detonates  violently. 

The  principal  use  of  hydro-fluoric  acid  is  for  destroying  the  po- 
lish of  glass  ;  but  for  this  purpose  it  is  adviseablc  to  prepare  it  in 
a  state  of  considerable  dilution,  by  receiving  the  gas  into  water, 
contained  in  a  leaden  vessel.  It  may,  also,  be  employed  to  etch  on 
glass,  as  copper  is  engraved  by  aqua  fortis. 

*  An  apparatus  for  tho  same,  is  given  in  the  Recherches  Physico-Chimiques  of 
Gay  Lussac  and  Thenard      C. 
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Ara(ure  of  Fluoric  acid. 

The  experiments  of  Sir  H.  Davy,  made  in  1808,  led  him  to  con- 
clude, chiefly  from  the  action  of  potassium  on  silicatcd  fluoric  i^as, 
that  the  fluoiic  acid  is  a  compound  of  oxygen  with  a  combu-itible 
basis.  But  as  all  acids,  so  constituted,  are  decomposed  by  gal- 
vanic electricity,  their  base  being  determined  to  the  negative,  and 
their  oxygen  to  the  positive  pole,  he  has  lately*  submitted  liquid 
fluoric  acid  to  this  test,  after  having  first  ascertained,  by  the  result 
of  its  combination  with  ammoniacal  gas.  that,  in  its  strongest  form, 
it  contains  no  water.  Considerable  difficulty  was  experienced  in 
making  the  necessary  exposure  of  the  liquid  to  electricity,  (partly 
in  consequence  of  the  dangerous  fumes  which  it  emitted)  and  in 
collecting  the  products.  At  the  negative  pole,  a  gas  was  evolved, 
which,  from  its  inflammability,  appeared  to  be  hydrogen.  The 
platina  wire  at  the  positive  pole  was  rapidly  corroded,  and  covered 
with  a  chocolate  powder,  the  properties  of  which  seem  not  to  have 
been  examined. 

When  fluate  of  ammonia  was  treated  with  potassium,  no  evidence 
was  obtained  of  its  containing  oxygen.  Charcoal,  also,  intensely 
ignited  in  fluoric  acid  gas,  gave  no  carbonic  acid.  The  most  sim- 
ple way  of  explaining  the  phenomena  appears,  therefore,  to  Sir  H. 
Davy,  to  be  by  the  supposition,  that  the  fluoric  acid,  like  the  mu- 
riatic, is  composed  of  hydrogen,  and  a  peculiar  base,  possessing; 
like  oxygen  and  chlorine,  a  negative  electrical  energy,  and  hence 
determined  to  the  positive  surface.  For  this  base,  which,  like 
chlorine,  he  believes  to  combine  at  once  with  metals,  the  name  of 
fluorine  has  been  proposed.  This  substance,  from  its  strong  affini- 
ties and  decomposing  agencies,  has  not  yet  been  exhibited  in  a  se- 
parate state  ;  nor  have  any  of  the  attempts  to  detach  it  from  its 
combinations  by  chlorine  or  oxygen,  (on  the  presumption  that  the 
attraction  of  one  of  those  bodies  for  the  metals  might  be  superior 
to  that  of  fluorine,)  been  hitherto  successful. 

The  number  representing  the  atom  of  fluorine,  as  deduced  from 
the  composition  of  fluor  spar,  is  17.1  ;  and  fluorspar  must  be  com- 
posed of  20  calcium  and  17.1  fluorine.  On  the  whole,  Sir  H. 
Davy  is  disposed  to  estimate  the  weight  of  the  atom  of  fluorine  at 
less  than  half  that  of  chlorine,  and  to  fix  it  at  33,  which  is  equiva- 
lent, on  Mr.  Dalton's  scale,  to  16.5. 

Fluoboric  Acid. 

With  the  view  of  obtaining  fluoric  acid  gas  perfectly  free  from 
water*  both  Sir  H.  Davy  and  Gay  Lussac  appear  to  have  had  re- 
course to  the  same  experiment,  viz.  that  of  distilling  perfectly  dry 
boracic  acid  with  fluate  of  lime.  When  these  substances  were  ex- 
posed to  a  strong  heat  in  an  iron  tube,  in  the  proportion  of  one  part 
of  the  former  to  two  of  powdered  fluor  spar,  a  gas  was  collected  in 
great  quantity,  which  exhibited  singular  properties,  and  to  which 
Messrs.  Gay  Lussac  and   Thenard  have    given    the  name  of  gas 

*  Phil.  Trans.  1813,  part  2  ;  and  1814,  part  1. 
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Jluoborique,  or  fluoboric  acid  gas.  It  may,  also,  be  obtained  by  dis- 
tilling in  a  retort  1  part  ol  vitreous  boracic  acid  with  two  of  fluor 
spar  and  12  of  sulphuric  acid.  One  hundred  cubic  inches  weigh 
73.5  grains. 

This  gas,  according  to  the  latter  chemists,  appears  to  contain  no 
water,  and  to  have  so  strong  an  affinity  for  it  as  to  take  it  from  other 
gaseb  which  hold  water  in  combination.  Hence,  when  mixed  with 
most  of  those  gases,  on  which  it  does  not  exert  a  chemical  action, 
such  as  atmospheric  air,  it  loses  its  transparency  and  becomes 
cloudy. 

With  ammoniacal  gas  it  unites  in  two  proportions.  If  the  alka- 
line gas  he  put  first  into  the  tube,  equal  measures  combine  toge- 
ther, and  the  compound  is  neutral.  But  if  we  admit  fluoboric  gas 
by  bubbles  to  the  alkaline  gas,  we  obtain  a  compound,  with  an  ex- 
cess of  base,  consisting  of  one  measure  of  fluoboric  gas  to  two  of 
ammonia. 

Fluoboric  gas  is  absorbed  copiously  by  water,  which  takes  up  700 
times  its  bulk,  and  acquires  the  specific  gravity  1.77.  The  satu- 
rated solution  has  the  causticity  and  aspect  of  strong  sulphuric 
acid  ;  requires  for  ebullition  a  temperature  considerably  exceeding 
212°  Fahrenheit;  and  is  condensed  again  in  striae  which  contain 
much  gas  From  analogy,  Gay  Lussac  supposes  that  nitric  and  even 
sulphuric  acids,  are,  in  their  pure  states,  equally  elastic  with  this. 

When  potassium  or  sodium  was  heated  in  fluoboric  gas,  Gay 
Lussac  and  Thenard  obtained  fluate  of  potash  or  soda,  and  the 
base  of  the  boracic  acid. 

The  liquid  acid  acts  almost  as  intensely  as  sulphuric  acid  on 
vegetable  substances.  It  blackens  paper,  and  affords  a  true  ether 
with  alcohol.     It  has  no  effect  in  corroding  glass. 

From  analysis,  Gay  Lussac  and  Thenard,  as  well  as  Sir  H.  Davy, 
have  determined  it  to  be  a  compound  of  boracic  and  fluoric  acids, 
in  proportions  not  yet  ascertained. 


CHAPTER  XVIII. 

IODINE    AND    ITS    COMPOUNDS. 

IODINE  was  discovered  accidentally,  about  the  beginning  of 
the  year  1812,  by  M.  Courtois,  a  manufacturer  of  saltpetre  at 
Paris.  In  the  processes  for  procuring  soda  from  the  ashes  of  sea 
weeds,  he  found  his  metallic  vessels  much  corroded ;  and  in 
searching  for  the  cause,  he  made  this  discovery.  Specimens  of 
the  new  substance  were  given  to  M.  M.  Desormes  and  Clement, 
who  read  a  short  memoir  upon  it,  at  a  meeting  of  the  Institute  of 
France,  in  November,  1813.  Its  properties  and  combinations  have 
since  been  ably  investigated  by  Vauquelin  ;*  by  Gay  Lussac  ;f  by 
Sir  H.  Davy  ;\  and  by  Gaultier  de  Claubry  and  Colin. § 

*  90  Ann.  de  Chim.  206  f  91  Ann.  de  Chim. 

*  Phil.  Trans.  1814.  §  90,  91,  &  93  Ann.  de  Chim. 
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When  all  the  soda  has  been  separated  by  crystallization  from  a 
solution  of  kelp  or  barilla,  or  from  the  ley  of  ashes  of  marine 
plants,  that  afford  the  mineral  alkali,  in  order  to  procure  iodine 
from  the  residuary  liquor,  concentrated  sulphuric  acid  is  to  be 
poured  upon  it,  in  a  retort  furnished  with  a  receiver.  The  iodine 
passes  into  the  receiver,  under  the  form  of  beautiful  violet  vapours, 
which  are  condensed  in  crystalline  plates,  having  the  aspect  of 
plumoago.  To  purify  it  from  the  redundant  acid,  that  comes  over 
with  it,  the  iodine  may  be  redistilled  from  water,  containing  a  very 
small  quantity  of  potash,  and  afterwards  dried  by  pressing  it  be- 
tween folds  of  blotting  paper.* 

General  Pro/ierties. — Iodine  is  a  solid,  at  the  ordinary  tempera- 
ture of  the  atmosphere.  It  is  often  in  scales,  resembling  those  of 
micaceous  iron  ore  ;  sometimes  in  large  and  brilliant  rhomboidal 
plates ;  and  occasionally  in  elongated  octohedrons.f  Its  colour  is 
bluish  black ;  its  lustre  metallic  ;  it  is  soft  and  friable,  and  may 
easily  be  rubbed  to  a  fine  powder.  Its  taste  is  very  acrid,  though 
it  is  sparingly  soluble  in  water,  which  does  not  take  up  above  one 
7000th  part  of  its  weight.:}:  Its  specific  gravity,  at  6o°  Fahrenheit,. 
is  4.946.  It  is  a  non-conductor  of  electricity  ;  and  possesses,  in  a 
high  degree,  the  electrical  properties  of  oxygen  and  chlorine,  be- 
ing determined  to  the  positive  pole  of  a  galvanic  arrangement. 
When  applied  to  the  skin,  it  produces  a  yellow  stain,  but  this  disap- 
pears as  the  iodine  evaporates. 

Iodine  is  fusible  at  225°  Fahrenheit,and  under  the  ordinary  pres- 
sure of  the  atmosphere,  is  volatilized  at  a  temperatui  i  where 
near  350°,  forming  a  gas  117.71  times  denser  than  hydrogen,  or > 
according  to  Sir  H.  Davy,  weighing  95.27  for  100  cubic  inches. 
The  volatilization  of  iodine  at  the  heat  of  boiling  water,  which  hap- 
pens when  it  is  distilled  with  that  fluid,  depends  on  its  affinity  for 
aqueous  vapour.  The  colour  of  its  vapour  is  a  beautiful  violet,  and 
hence  its  name  (from  iafrr,*;,  violaceus). 

Action  of  Oxygen. — Iodine  undergoes  no  change  by  being  heat- 
ed in  contact  with  oxygen  gas,  or  with  hyper-oxymuriate  of  potash. 
It  will  appear,  however,  in  the  sequel,  that,  by  the  intervention  of 
euchlorine,  it  admits  of  being  combined  with  oxygen,  and  that  it 
then  furnishes  a  peculiar  acid  with  that  body. 

Action  of  Nitrogen. — Azotic  gas  has  no  action  on  iodine,  but  a 
compound  of  iodine  and  nitrogen  will  be  described  in  speaking  of 
the  effect  of  ammonia. 

Action  of  Water. — It  has  no  power  of  decomposing  water,  even 
when  the  mixed  vapours  of  the  two  substances  are  passed  through 
a  red  hot  tube. 

Action  of  Hydrogen. — The  affinity  of  iodine  for  hydrogen  is  very 
strong,  and  it  absorbs  that  basis  from  hydrogen  gas,  and  detaches  it 

*  More  minute  directions  for  its  preparation  are  given  in  the  Phil.  Mag.  xl.  57, 
141,  and  209. 

f  Dr.  Wollaston  has  described  the  form  of  its  crystal  in  Thomson's  Annals, 
v.  237. 

i  Its  odour  is  somewhat  allied  to  that  of  chlorine.     C. 
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from  several  of  its  combinations,  affording,  as  the  result,  a  distinct 
and  well  characterized  acid. 

If  iodine  be  heated  in  dry  hydrogen  gas,  an  expansion  of  its 
volume  takes  place  ;  an  acid  gas  is  formed,  which  is  very  absorba- 
ble by  water,  and  acts  so  much  on  mercury  that  it  can  10I  be  pre- 
served long  over  that  metal.  A  similar  gaseous  compound  is  form- 
ed, by  exposing  iodine  to  sulphuretted  hydrogen  gas.  But  it  is  best 
prepared,  in  quantity,  by  the  action  of  moistened  iodine  and  phos- 
phorus on  each  other,  the  phosphorus  being  in  excess,  and  the  mix- 
ture distilled  in  a  retort.  The  gas  may  be  received  into  a  vessel 
filled  with  common  air,  which  it  expels  by  its  superior  gravity. 
Gay  Lussac  recommends,  instead  of  a  retort,  a  small  bent  tube, 
which  afier  putting  the  iodine  into  it,  is  to  be  inverted  over  mercu- 
ry ;  the  air,  which  it  contains,  is  to  be  expelled  by  a  glass  rod,  that 
almost  fills  its  capacity  ;  and  the  phosphorus  is  to  be  brought  into 
contact  with  the  iodine,  by  introducing  it  through  the  mercury.  As 
soon  as  the  contact  takes  place,  the  acid  gas  is  disengaged,  and  may 
be  collected  by  putting  the  open  end  oi  the  tube  under  a  glass  jar 
standing  inverted  in  mercury. 

No  sooner  does  the  gas  come  into  contact  with  the  mercury 
than  it  begins  to  be  decomposed  ;  and  if  the  contact  be  prolonged 
a  sufficient  time,  or  agitation  be  used,  the  decomposition  is  com- 
plete. The  iodine  unites  with  the  mercury ;  and  there  remains  a 
volume  of  hydrogen  gas,  which  is  exactly  one  half  that  of  the  acid 
gas.  It  is  decomposed,  in  a  similar  manner,  by  all  metals  except 
gold  and  platina. 

The  acid  gas  is  colourless,  its  taste  is  very  sour,  and  its  smell 
resembles  that  of  muriatic  acid  gas.  Its  specific  gravity  was  found 
by  experiment  to  be  4.443  ;  by  calculation  it  should  have  been 
4.428. 

The  acid  gas  is  rapidly  decomposed  by  being  heated  in  contact 
with  oxygen  gas,  which  detaches  the  hydrogen.  Chlorine  also,  in- 
stantly deprives  it  of  hydrogen,  and  produces  muriatic  acid  gas  ; 
and  the  iodine  re-appears  in  the  form  of  a  beautilul  violet  vapour. 
It  is  composed,  by  weight,  according  to  Gay  Lussac,  of  100  iodine 
and  0.849  hydrogen. 

For  this  compound  Sir  H.  Davy  has  proposed  the  name  of  Ay- 
droio?iic  acid,  and  Gay  Lussac  that  of  hydriodic  acid.  I  prefer  the 
latter;  because  it  is  easier,  by  varying  its  termination,  to  express  its 
combinations  with  alkaline  and  other  bases. 

Hydriodic  acid  gas  is  plentifully  absorbed  by  water  ;  the  solution 
is  fuming,  and  has  the  density  of  1.7.  To  prepare  this  liquid  in 
quantity,  Gay  Lussac  recommends  to  put  powdered  iodine  into 
water,  and  to  pass  sulphuretted  hydrogen  gas  through  the  mixture. 
The  hydrogen  unites  with  the  iodine,  and  the  sulphur  is  precipi- 
tated. The  liquid  may  be  concentrated  by  evaporation.  Till  it 
attains  the  temperature  of  257°,  water  only  distils  ;  above  this  point, 
the  acid  itself  is  volatilized,  and  remains  stationary  at  262 j°,  its 
density  being  then  1.7. 

The  liquid  acid  is  slowly  decomposed  by  contact  with  air;  its, 
hydrogen  being  attracted  by  the  oxygen  of  the  atmosphere,  and  a 
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portion  of  iodine  liberated,  which  gives  the  liquor  a  colour,  of  in- 
tensity propoi  donate  to  the  quantity  of  free  iodine.  Concentrated 
sulpnuric  acid,  nitric  acid,  arid  chlorine  decompose  it,  and  separate 
iodine.  With  solutions  of  lead,  it  gives  a  tine  orange  precipitate  ; 
With  solution  of  per-oxide  of  mercury,  a  red  one;  and  with  silver, 
a  wnite  precipitate,  insoluble  in  ammonia. 

When  submitted  to  galvanic  electricity,  the  liquid  hydriodic  acid 
is  rapidly  decomposed ;  iodine  appears  at  the  positive,  and  hydro- 
gen at  the  negative  pole.  It  dissolves  zinc  and  iron,  with  a  disen- 
gagement of  hydrogen  gas,  which  proceeds  from  the  water.  It  has 
no  action  on  mercury,  though  the  gas  so  powerfully  affects  that  me- 
tal. It  is  decomposed  by  those  oxides,  which  hold  their  oxygen 
loosely,  and  combines  with  the  rest,  forming  a  genus  of  neutral  salts, 
called  hydriodates. 

In  general,  the  hydriodates  are  readily  soluble  in  water.  Those 
of  potash  and  barytes  are  not  decomposed  by  heat,  except  oxygen  is 
in  contact  with  them;  the  salt  with  base  of  lime  is  wholly,  and 
that  with  base  of  magnesia  partially,  decomposed  at  high  tempe- 
ratures. 

Charcoal  does  not  combine  with  iodine. 

Sulphur  and  iodine  unite  at  a  gentle  heat,  and  a  black  radiated 
compound  is  formed,  resembling  sulphuret  of  antimony.  It  is  easi- 
ly decomposed  by  a  degree  of  heat  a  little  higher  than  that  at  which 
it  was  formed,  and  iodine  is  detached  in  vapour. 

Phosphorus  and  iodine  combine  at  the  temperature  of  the  atmo- 
sphere, according  to  Sir  H.  Davy,  evolving  much  heat,  but  no  light; 
but,  according  toThenard,  with  a  disengagement  both  of  light  and 
heat.*  The  result  is  a  /ihosfihuret  of  iodine,  of  a  reddish  brown  co- 
lour, the  solidity,  fusibility,  and  volatility  of  which  vary  with  the 
proportions  of  its  ingredients.  If  both  the  phosphorus  and  iodine 
are  dry,  no  gas  is  given  out  during  their  combination  ;  but  when 
slightly  moistened,  hydriodic  acid  is  formed,  by  the  union  of  iodine 
with  the  hydrogen  of  the  water;  a  little  sub-phosphuretted  hydro- 
gen is  produced  ;  and  phosphorus  acid  remains  in  solution.  The 
hydriodic  acid  gas  is  also  formed,  when  the  phosphuret  of  iodine, 
produced  from  dry  materials,  is  added  to  water. 

Potassium  and  iodine. — Potassium  burns  in  the  vapour  of  iodine 
with  a  pale  blue  light,t  and  without  the  disengagement  of  any  gas. 
The  substance  produced  is  white  ;  fusible  at  a  red  heat;  and  solu- 
ble in  water.  It  has  a  peculiar  acrid  taste.  When  acted  upon  by 
sulphuric  acid,  iodine  is  set  at  liberty.  The  same  compound  is  ob- 
tained, by  heating  potassium  in  hydriodic  acid  gas,  which  is  decom- 
posed, and  yields  half  its  volume  of  hydrogen  gas.  To  this  com- 
pound Sir  H.  Havy  has  given  the  name  of  iode  of  potassium,  the 
term  iode  being  a  generic  one  for  the  compounds  of  iodine  with  the 
metals  and  other  combustible  bases  ;  but  Gay  Lussac  has  proposed 
(what  appears  to  me  more  appropriate)  the  name  of  iodure. 

•  I  have  repeatedly  witnessed  the  evolution  of  light,  on  the  combination  of 
these  two  substances.     C. 

f  Here  is  combustion  without  the  presence  of  oxygen      ' 
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When  iode  or  ioduret  of  potassium,  silver,  mercury,  or  lead,  is 
heated  in  chlorine  gas,  iodine  is  expelled,  and  hence  the  affinity  of 
chlorine  lor  those  metals  surpasses  that  of  iodine.  Sulphuric  acid 
extricates  sonic  iodine,  and  occasions  a  production  of  hydriodic  and 
sulphurous  acids.  Oxalic,  acetic,  sulphurous,  and  phosphoric  acid 
have  no  action  on  the  iodurets. 

Iodine  and  alkalis. — When  iodine  in  vapour  is  passed  over  ig- 
nited hydrate  ot  potash,  oxygen  is  disengaged,  and  a  compound  is 
formed,  precisely  similar  to  that,  which  results  from  the  combina- 
tion of  iodine  and  potassium.  Hence  the  affinity  of  iodine  for  po- 
tassium exceeds  that  of  oxygen  ;  and  the  same  may  be  said  of  se- 
veral other  metals,  though  not  of  all,  their  oxides  being  decom- 
posed by  iodine.  From  subcarbonate  of  potash,  it  displaces  two 
volumes  of  carbonic  acid  and  one  of  oxygen. 

When  iodine  is  thrown  into  a  moderately  strong  solution  of  pot' 
ash,  rendered  perfectly  caustic,  it  is  dissolved  ;  and,  during  its  so- 
lution, crystals  fall  down,  which  may  be  obtained  abundantly,  by 
saturating  the  liquid  with  iodine.  To  obtain  these  crystals  pure, 
they  must  be  washed  with  alcohol  of  a  specific  gravity,  between 
.860  and  920.  They  are  sparingly  soluble  in  water;  have  a  taste 
like  hyper-oxymuriate  of  potash  ;  deflagrate  with  charcoal;  and 
when  heated  give  oxygen  gas,  and  ioduret  of  potassium.  With 
sulphuric  acid,  they  afford  iodine,  oxygen,  and  sulphate  of  potash. 

The  liquid,  which  has  ceased  to  yield  these  crystals,  affords,  on 
evaporation,  a  salt  identical  with  ioduret  of  potassium.  In  this 
case,  Sir  H.  Davy  imagines  the  potash  is  decomposed;  one  part  of 
it  combines  with  iodine;  and  the  oxygen,  thus  set  at  liberty,  unites 
with  the  other  part  and  with  iodine.  In  his  view,  therefore,  the 
deflagrating  salt  is  a  triple  compound  of  oxygen,  iodine,  and  po- 
tassium, and  is  called  an  oxyiode  ;  bul  Gay  Lussac  supposes  that 
the  iodine  is  oxygenated,  and  forms  an  acid,  which  he  calls  iodic 
acid ;  and  that  this,  uniting  with  potash,  composes  iodatc  of /wlash. 
By  acting  with  iodine  on  solution  ot  barytt.s,  a  similar  compound 
whs  formed  with  that  earth,  which,  when  decomposed  by  sulphuric 
acid,  gave,  he  supposes,  a  mixture  of  that  acid  with  iodic  acid. 
But  the  product,  in  this  case,  Sir  H.  Davy  has  since  shown,  is  a 
compound  of  sulphuric  acid  with  oxy iodine,  which  will  presently 
be  described. 

Dry  ammoniacal  gas  is  absorbed  by  iodine  without  decomposi- 
tion ;  the  product  is  at  first  very  viscid,  and  has  a  metallic  aspect; 
but  by  an  excess  of  amn.onia,  it  loses  these  properties,  and  be- 
comes of  a  very  deep  brownish  red.  When  iodine  is  added  to 
liquid  ammonia,  one  part  of  it  unites  with  the  hydrogen  of  the  al- 
kali, and  forms  hydriodic  acid,  while  another  portion  of  iodine 
combines  with  the  azote,  and  falls  down  in  the  form  of  a  black 
powder.  This  compound  of  azote  and  iodine  detonates  with  a  very 
gentle  heat,  and  even  with  the  slightest  touch. 

Iodine  and  chlorine. — Iodine  absorbs  less  than  one  third  its  weight 
of  chlorine,  and  forms  a  peculiar  acid   which   may  be  called  chip- 
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riode,  or  chloriodic  acid,*  and  its  compounds  chloriodates.  Accord- 
ing to  Gay  Lussdc,  indeed)  two  compounds  result,  the  oih  of  a 
fine  orange  yellow  colour,  containing  the  largest  proportion  of 
ci.iorine,  the  other  orange  red.  Both  are  solid  and  crystalline  ; 
deliquiate  when  exposed  to  the  air  ;  are  fusible  into  an  orange 
liquia  ;  and  give  an  orange  coloured  gas.  The  watery  solution 
takes  more  iodine,  and  acquires  a  deeper  colour;  but  if  agitated 
with  chlorine,  it  is  deprived  of  colour,  and  when  poured  in  that 
state,  into  solution  of  potash,  the  deflagrating  salt  is  precipitated. 
From  liquid  ammonia,  the  colourless  liquid  precipitates  a  white 
detonating  compound  ;  but  the  coloured  solution  throws  down  the 
darker  compound,  which  detonates  on  the  slightest  touch,  and  is, 
indeed,  identical  with  that,  procured  by  the  direct  action  of  iodine 
on  ammonia. 

Chloriodic  acid  (or  chlorure  of  iodine,  as  it  is  called  by  Gay  Lus- 
sac)  precipitates  the  salts  of  iron,  lead,  tin,  and  copper;  probably 
in  the  st.-te  of  oxyiodes. 

It  has  been  observed  by  Gay  Lussac,  that,  in  order  to  convert 
the  whole  of  a  quantity  of  alkali  into  the  deflagrating  salt,  without 
any  of  the  hydriodate,  (which  otherwise  is  produced  in  greater  pro- 
portion than  the  oxyiode)  it  is  necessary,  first,  to  combine  the 
iodine  with  chlorine  ;  and,  after  dissolving  the  compound  in  water, 
to  saturate  it  with  alkali. 

Iodine  and  Euchlorine. — When  iodine  is  exposed  to  euchlorine, 
Sir  H  Davy  has  recently  discovered, t  that  there  is  an  immediate 
action;  its  colour  changes  to  bright  orange;  and  a  liquid  is  form- 
ed. By  the  application  of  a  gentle  heat,  the  orange  compound  of 
chlorine  and  iodine  is  expelled,  and  a  compound  of  oxygen  and 
iodine  remains.  This  substance  is  a  white  semi-transparent  solid; 
it  has  no  smell,  but  a  strong  astringent  sour  taste.  Its  specific  gra- 
vity is  such,  that  it  sinks  in  sulphuric  acid. 

When  decomposed  by  heat  in  a  pneumatic  apparatus,  it  is  re- 
solved into  oxygen  gas  and  pure  iodine  ;  and  it  is,  therefore,  term- 
ed by  Sir  H.  Davy,  oxyiodine.  Thirteen  grains  afforded  9.25  cu- 
bical inches  of  oxygen  gas,=3.l4  grains.     Hence  it  is  composed  of 

Iodine     .     .     75.85     .     .      100.         .     .     314.8 
Oxygen        .     24.15     .     .       31.84     .     .     100. 


100.  13184  4)4.8 

On  the  supposition  that  oxyiodine  is  composed  of  five  atoms  of 
oxygen  and  one  of  iodine,  the  atom  of  iodine  may  be  deduced  to 
weigh  117.15.  Now  it  is  remarkable,  that  assuming  hydriodic 
acict  to  consist  of  one  atom  of  iodine  and  one  of  hydrogen,  the 
weight  of  the  atom  of  iodine   is    117.77;  for  as   .849   to  100  (the 

*  Thus,  according  to  the  above  observations,  we  have  no  less  than  three  acids, 
formed  by  the  combination  of  the  same  base  with  three  distinct  substances, 
ox\j,en,  hydrogen,  and  chlorine  !  where  now  are  we  to  look  for  the  acidifijiiig 
principle  of  the  French  school?    C. 

f  Phil.  Trans.  1815,  part  2. 
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proportions  in  which  hydrogen  and  iodine  combine)  so  is  1  to 
117.77.  If  10  represent  the  atom  of  oxygen,  then  the  atom  of 
iodine  will  weigh  150  62. 

Oxyiodine  is  very  soluble  in  water,  and  is  slightly  deliquescent. 
Its  solution  first  reddens,  and  then  destroys,  vegetable  blues,  and 
reduces  other  vegetable  colours  to  a  dull  yellow.  When  evapo- 
rated sufficiently,  it  becomes  a  thick  pasty  substance,  and  at  length, 
by  a  cautiously  regulated  heat,  yields  oxyiodine  unaltered. 

When  heated  in  contact  with  inflammable  bodies,  or  with  the 
more  combustible  metals,  detonations  are  produced.  Its  solution 
in  water  rapidly  corrodes  all  the  metals,  and  even  acts  on  gold  and 
platina,  but  especially  the  first. 

When  its  solution  is  poured  into  solutions  of  alkalis,  or  alkaline 
earths,  or  when  made  to  act  on  their  carbonates,  triple  compounds 
are  lormed  of  oxygen,  iodine,  and  the  metallic  bases,  called  by  Sir 
H.  Davy,  oxyiodes  ;  and  by  Gay  Lussac,  it  would  appear  improperly, 
iodates.  With  solution  of  ammonia,  it  composes  oxyiode  of  ammo- 
nia ;  and  from  the  soluble  salts  of  barytes  and  strontites,  it  precipi- 
tates their  respective  oxyiodes.  Forty-eight  grains  of  oxyiode  of 
potassium,  when  decomposed  by  heat,  afforded  Sir  H.  Davy  31 
cubic  inches  zzl 0.5  grains,  of  oxygen  gas. 

Oxyiodine  enters  into  combination  with  all  the  fluid  or  solid  acids, 
which  it  does  not  decompose.  Sulphuric  acid,  dropped  into  a  sa- 
turated solution  of  it  in  hot  water,  precipitated  a  solid,  which,  on 
cooling,  formed  rhomboidal  crystals  of  a  pale  yellow  colour. 
This  compound  is  fusible  ;  and,  with  a  heat  properly  regulated, 
may  be  sublimed  unaltered.  Hydronitric  and  hydrophosphoric 
acids  afford  analogous  compounds.  Oxalic  and  liquid  muriatic 
acids  decompose  it.  All  its  acid  combinations  redden  vegetable 
blues ;  dissolve  gold  and  platinum  ;  and  when  added  to  alkalis  or 
earths,  afford  common  neutral  salts,  and  their  respective  oxyiodes. 
In  their  crystalline  state,  the  compounds  of  oxyiodine  and  acids 
are  most  probably  hydrates ;  the  acids  carrying  with  them,  into 
combination,  their  definite  proportion  of  water. 

For  the  watery  solution  of  oxyiodine,  Sir  H.  Davy  has  proposed 
the  name  of  oxyiodic  acid,  and  is  disposed  to  regard  it  as  a  triple 
compound  of  iodine,  hydrogen,  and  oxygen;  or  an  oxyiode  of 
hydrogen. 

Iodine  and  Metals. — All  the  metals,  with  the  aid  of  heat,  unite 
with  iodine,  and  form  iodes  or  iodurcts,  analogous  to  sulphurets. 
When  these  compounds  are  placed  in  contact  with  water,  it  is 
decomposed,  and  a  hydriodatc  of  the  respective  metal  is  produced, 
the  water  furnishing  hydrogen  to  the  iodine  and  oxygen  to  the 
metal. 

Nature  of  Iodine. — Iodine,  from  all  that  we  yet  know  respecting 
it,  is  to  be  considered  as  a  simple  or  elementary  body,  having  a 
very  striking  analogy  with  chlorine,  which  it  resembles,  lstly,  in 
forming  one  acid  by  uniting  with  hydrogen,  and  a  different  acid  with 
oxygen  ;  2dly,  in  its  effects  on  vegetable  colours  ;  3dly,  in  its  af- 
fording, with  the  fixed  alkalis,  salts  which  nearly  approach  in  cha- 
racters to  hyper  oxymuriates  ;  and  4thly,inits  electrical  habitudes 
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Its  discovery,  indeed,  lends  sirong  support  to  that  theory,  which 
considers  chlorine  as  a  simple  body,  and  muriatic  acid  as  a  com- 
pound of  chlorine  and  hydrogen.  In  the  properly  of  forming  an 
acid,  whether  it  be  united  with  hydrogen  or  with  oxygen,  iodine 
bears,  also,  an  analogy  to  sulphur;  and  n  is  remarked  by  Guy  Lus- 
sac  of  the  combinations  ot  chlorine,  iodine,  and  sulphur,  with  the 
elements  of  water,  that  while  the  acids,  which  they  respectively 
form  with  oxygen,  have  their  elements  strongly  condensed,  those 
formed  with  hydrogen  have  their  elements  very  feebly  united. 
Sulphur  has  the  strongest  affinity  for  oxygen,  then  iodine,  and  last- 
ly chlorine.  But  for  hydrogen  chlorine  has  a  stronger  attraction 
than  iodine,  and  iodine  than  sulphur. 

The  source  of  iodine  in  nature  has  been  investigated  with  much 
ability  by  M  Gaultier  de  Claubry,*  the  first  part  only  of  whose  me- 
moir has  yet  reached  me.  His  first  experiments  were  directed  to 
the  analysis  of  the  several  varieties  of  Fucus,  the  combustion  of 
which  furnishes  the  soda  of  sea-weeds. t  Before  these  vegetables 
are  destroyed  by  combustion,  he  ascertained  that  iodine  exists  in 
them  in  the  state  of  hydriodate  qffiotash;  and  that  the  calcination 
only  destroys  the  vegetable  matters,  with  which  it  is  combined.  As 
the  hydriodate  of  potash  is  a  deliquescent  salt,  it  remains  in  the 
mother  liquor,  after  separating  the  carbonate  of  soda,  and  most  of 
the  other  salts,  by  crystallization.  In  the  course  of  these  experi- 
ments, M.  de  Claubry  found  that  starch  is  one  of  the  most  delicate 
tests  of  the  presence  of  iodine,  and  if  added  to  any  liquid  contain- 
ing it,  with  a  few  drops  of  sulphuric  acid,  iodine  is  indicated  by  a 
blue  colour,  of  greater  or  less  intensity.  In  this  way,  he  detected 
iodine  in  the  decoction  of  the  Fucus  Sacc/iarinus,  isfc. 


CHAPTER  XIX. 

OF    THE    GENERAL    PROPERTIES  OF  METALS. 

THE  metals  compose  a  class  of  bodies,  which  are  not  more  in- 
teresting from  their  application  to  the  common  arts  of  life,  than. 
from  the  facts  which  they  contribute  to  the  general  principles  of 
chemical  science.  Only  seven  or  eight  were  known  to  the  ancients; 
but  the  class  has  been  enlarged,  within  the  last  century,  by  the  dis- 
covery of  twenty  new  ones.  In  addition  to  the  recently  discovered 
bases  of  the  alkalis  and  earths,  the  following  appear  to  have  a  suffi- 
cient claim  to  be  considered  as  distinct  metals. 

*  Ann.  de  Chim.  xciii.  75. 

|  The  fuci  of  our  own  «oasts  afford  this  substance  very  readily  by  the  pn 
detailed.    C. 
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1.  Gold. 

2.  PJatina. 
S.  Silver. 

4.  Mercury. 

5.  Rhodium. 

6.  Palladium. 

7.  Iridium. 

8.  Osmium. 

9.  Copper. 


10.  Iron. 
1  1.  Nickel. 

12.  Tin. 

13.  Lead. 

14.  Zinc. 

15.  Bismuth. 

16.  Antimony. 

17.  Tellurium. 

18.  Arsenic. 


19.  Cobalt. 

20.  Manganese. 

21.  Chrome. 

22.  Molybdetia. 

23.  Uranium. 

24.  Tungsten. 

25.  Titanium. 

26.  Columbium. 

27.  Cerium. 


Of  a  class  comprehending  so  many  individuals,  it  is  not  easy  to 
offer  a  general  description;  but  it  will  be  found  that  they  :!re  all 
characterised  by  one  or  more  of  the  following  properties. 

1  With  th,e  exception  of  the  newly  discovered  bases  of  the  alka- 
lis and  earths,  they  are  distinguished  by  a  high  degree  of  specific 
gravity;  the  lightest  of  the  metals  (tellurium)  being  considerably 
heavier  than  the  most  ponderous  of  the  earths.  They  are,  perhaps, 
the  only  solid  bodies,  whose  specific  gravity  is  affected  by  mechani- 
cal means;  or, in  other  words,  whose  particles  can  be  brought  per- 
manently into  a  state  of  nearer  approximation  by  external  pressure. 
In  consequence  of  this  property,  several  of  the  metals  undergo  ma- 
terial changes  in  their  specific  gravity,  by  the  mechanical  opera- 
tions of  rolling,  hammering,  8cc.  It  may  be  questioned,  whether 
the  metals  are  heavier,  in  consequence  of  the  greater  specific  gra- 
vity of  their  individual  atoms,  or  from  a  greater  number  of  atoms 
being  aggregated  into  a  given  volume.  The  former,  however,  is 
most  probably  the  case,  though  it  must  be  acknowledged  that  their 
specific  gravity  is  by  no  means  exactly  proportional  to  the  weight 
of  their  atoms. 

2.  They  are  opake,  at  least  in  the  state  in  which  they  generally 
occur  to  our  observation.  Gold,  however,  beat  into  leaves  2  ssoffi^h 
of  an  inch  in  thickness,  transmits  a  faint  greenish  light,  when  held 
between  the  eye  and  the  direct  light  of  the  sun. 

3.  They  possess  various  degrees  of  lustre,  and  it  is  of  so  peculiar 
a  kind,  that  it  has  been  termed  by  mineralogists  the  metallic  lustre, 
and  referred  to  as  a  known  standard  in  the  description  of  other  mi- 
nerals. Some  of  the  metals  possess  this  property  in  so  remarkable 
a  degree,  as  to  be  applicable  to  highly  ornamental  purposes.  Po- 
lished steel  takes  place  of  all  the  metals  in  the  perfection  of  its  lus- 
tre ;  but  some  of  the  class  (as  cobalt  and  nickel)  appear  jto  be  sus- 
ceptible of  it  in  only  a  small  degree. 

4.  The  metals  are  excellent  reflectors,  not  only  of  light  but  of 
caloric;  and  hence  they  are  the  best  materials  for  the  composition 
of  burning  mirrors.  From  the  experiments  of  Mr.  Leslie,  they  ap- 
pear to  possess  this  property  in  the  following  order,  the  highest 
number  denoting  the  greatest  reflecting  power. 

Brass 100 

Silver 90 

Tinfoi] .85 
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Planished  block  tin 80 

Steel 70 

Lead 60 

Tinfoil   softened  by  mercury     .     .  50 

In  general,  the  reflecting  power  was  found  by  Mr.  Leslie,  to  be 
proportioned  to  the  degree  of  polish,  and  to  be  impaired  by  every 
thing  mat  diminished  this  quality.  A  tin  reflector,  tor  example, 
had  its  reflecting  power  diminished  nine  tenths  by  being  rubbed  witli 
sand  paper. 

5.  Metallic  bodies  are,  of  all  others,  the  best  conductors  of  elec- 
tricity. Their  property  of  electro-motion  has  already  been  de- 
scribed, in  the  chapter  on  the  chemical  agencies  of  electricity  and 
galvanism. 

6.  They  are,  also,  excellent  conductors  of  caloric. 

7.  One  of  the  most  useful  properties  of  the  metals  is  their  malle- 
ability, or  capacity  of  being  extended  by  the  blows  of  a  hammer. 
In  this  quality,  gold  lakes  place  of  all  the  rest-  The  gold-leaf, 
which  is  sold  in  books,  is  so  extremely  thin,  that  less  than  five 
grains  cover  a  surface  of  about  272^  square  inches  ;  and  the  thick- 
ness of  each  leaf  does  not  exceed  ^f^o?  otn  Part  °l"  an  inch.  All  the 
metals,  however,  are  not  malleable  Gold,  platina,  silver,  palla- 
dium, mercury,  (in  its  frozen  state,)  copper,  iron,  lead,  tin,  zinc, 
and  nickel,*  are  the  ones  to  which  this  property  belongs.  The 
rest,  on  account  of  their  brittleness,  were  formerly  called  scnu- 
metals.  But  since,  even  in  these,  a  diminishing  progression  oi 
malleability  may  be  observed,  the  distinction,  though  retained  in 
common  language,  is  very  properly  rejected  from  chemical  and 
mineralogical  systems, 

8.  All  the  metals  that  have  been  described  as  malleable  (with  the 
exception,  perhaps,  of  nickel)  are  also  ductile,  or  may  be  drawn 
drawn  out  into  wire.  In  this  respect,  also,  gold  appears  to  take 
precedence  of  the  rest,  foT  it  may  be  drawn  out  into  wire  not  thicker 
than  a  human  hair. 

9.  Wires  of  the  same  diameter,  but  of  different  metals,  are  found 
to  be  incapable  of  sustaining  very  different  weights.  This  arises 
from  their  variable  tenacity,  which  is  estimated  by  gradually  add- 
ing weights  till  the  wire  is  broken.  From  the  experiments  of  Guy- 
ton  Morveau,  the  following  are  the  utmost  weights,  which  wires 
of  0.787  of  an  English  line  in  diameter  can  support  without 
breaking. 

lbs.  decl. 
avoird,  parts. 

A  wire  of  iron  supports  549.250 

copper  302.278 

platina  274.320 

silver     187.137 

gold       150.753 

zinc        109  540 

, tin 34.630 

lead 27.621f 

"*  On  the  authority  of  Richter  f  71  Ann.  de  Chim.  189 
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The  tenacity  of  tin  is  greatly  interior  to  that  of  gold;  and  lead 
has  still  Lss  t  nacity  than  tin,  anu  even  than  some  sorts  of  wood. 

10  Some  01  the  malleable  and  ductile  metals  have,  also,  a  high 
degree  of  elasticity.  Tins  property  fits  them  for  being  applied  to 
the  mechanical  purpose  of  springs.  Steel  and  iron  are,  in  this  re- 
spect, superior  to  all  other  metals. 

Besides  the  circumstances  of  agreement  in  their  physical  quali- 
ties, which  have  been  enumerated,  the  metals  resemble  each  other, 
also,  in  their  chemical  properties.  Some  of  these  resemblances  it 
may  be  proper  to  state,  for  the  purpose  of  avoiding  unnecessary  re- 
petitions. 

The  metals,  so  far  as  we  know  at  present,*  are  simple  or  elemen- 
tary bodies,  and  may  be  arranged  in  the  class  of  simple  combusti- 
bles. They  were  formerly,  indeed,  considered,  but  on  very  insuf- 
ficient evidence,  as  composed  of  a  combustible  base,  peculiar  to 
each  metal,  united  with  a  general  principle  of  inflammability, 
which  received  the  name  of  phlogiston.  When  the  metals  are  ex- 
posed to  a  strong  heat,  the  first  change  which  is  produced  in  them 
is  that  they  melt,  or  run  into  fusion.  This  effect  takes  place,  in 
the  dil.ereht  metals,  at  very  different  temperatures.  Some  of  them 
may  be  made  to  boil,  and  are  actually  converted  into  vapour,  at  a 
heat  considerably  below  redness;  while  others  require  a  very  in- 
tense heat  for  their  fusion.  By  a  sufficient  elevation  of  temperature, 
it  is  probable,  however,  that  they  would  ail  be  volatilized  ;  for  pla- 
tina  itseif,  which  does  not  melt  at  a  less  heat  than  170°  of  Wedg- 
wood, has  been  observed  to  boil,  when  placed  in  the  focus  of  a 
powerful  burning  lens  f  In  some  of  the  metals,  no  farther  change 
is  produced  by  the  application  of  heat  with  the  free  access  of  air  ; 
and  they  return,  on  cooling,  to  their  former  condition.  But  other 
metals  undergo  a  very  remarkable  change.  Their  cohesion,  lustre, 
malleability,  tenacity,  and  ail  the  properties  that  have  been  describ- 
ed as  characteristic  of  them,  are  destroyed.  Though  their  absolute 
weight  is  increased,  yet  they  become  specifically  'lighter,  and  they 
are  distinguished  by  a  new  train  of  properties  not  observed  in  the 
metals  themselves. 

These  changes  have  been  very  differently  explained,  at  different 
periods  in  the  history  of  chemical  science.  On  the  theory  of  phlo- 
giston, they  were  accounted  for  by  assuming  that  the  metals,  dur- 
ing the  process  of  exposure  to  air  at  a  high  temperature,  abandon 
their  phlogiston,  which,  it  was  supposed,  unites  with  the  air  and 
renders  it  p/ilcgisticated,  and  consequently  unfit  for  supporting  the 
combustion  of  other  inflammable  bodies.  The  hypothesis,  how- 
ever, could  no  longer  be  maintained,  when  it  was  proved  that  the 

*  "  So  far  as  we  know."  This  must  be  admitted  not  to  be  proof!  but  since 
the  metals  are  inflammable,  it  is  presumable,  although  not  perhaps  at  present 
capable  of  demonstration,  that,  like  other  bodies  of  that  nature,  they  owe  their 
inHammability  to  a  certain  principle  common  to  them  all ;  which  principle  is 
most  probably  hydrogen,  or  as  it  should  be  more  appropriately  denominated 
phlogiston.  The  evidence  of  such  a  principle  in  metals,  appears  fully  to  bu' 
lance  what  is  stated  against  it     C.  • 

f  Annates  de  Chimie,  Ixix.  92. 
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metals,  so  far  from  losing  weight,  become  heavier  after  the  opera- 
tion ;  and  though  various  attempts  were  made,  by  modifications  of 
the  theory,  to  accommodate  it  to  this  fact,  yet  none  of  them  can  be 
considered  as  having  been  at  all  successful.* 

The  theory,  winch  is  now  almost  universally  admitted,  as  best 
explaining  the  phenomena  in  question,  though  suggested  by  the 
hints  furnished  by  preceding  discoveries,  was  first  reduced  to  a 
systematic  and  consistent  form  by  Lavoisier.  The  metals, according 
to  the  views  of  this  enlightened  philosopher,  undergo  the  changes 
that  have  already  been  described,  in  consequence  of  the  absorption 
of  oxygen  from  the  air.  Hence,  while  the  metallic  body  becomes 
heavier,  the  air,  in  which  the  process  is  performed,  should  sustain 
a  proportional  diminution  of  weight.  That  this  is  the  fact,  admits 
of  being  demonstrated  ;  and  still  more  readily  and  satisfactorily,  if 
we  employ  oxygen  gas  instead  of  common  air.  A  certain  quantity 
of  gas  (or  the  whole  indeed,  under  favourable  circumstances)  dis- 
appears ;  and  the  increase  of  weight  in  the  metal  is  found,  on  ex- 
amination, to  bo  precisely!  equal  to  that  of  the  gas  which  has  been 
condensed.  In  some  cases,  we  can  even  go  farther  ;  and  separate 
the  oxygen  from  the  metal  by  the  mere  application  of  heat,  the  oxy- 
gen being  recovered  in  the  state  of  gas,  and  the  metal  returning  to 
a  metallic  state.  More  satisfactory  evidence  than  this  could  scarce- 
ly be  required  of  the  nature  of  the  change  which  takes  place  ;  and 
it  may  be  admitted,  therefore,  as  an  established  truth,  that  metals 
lose  their  metallic  form,  in  consequence  of  their  combination  with 
oxygen.  The  process  has  been  called  by  Lavoisier  oxidation,  unci 
the  result  of  it  an  oxide.  For  the  former  term,  however,  Mr. 
Chenevix,  influenced  by  reasons  which  are  stated  in  his  work  on 
chemical  nomenclature,  has  proposed  to  substitute  that  of  oxidize- 
ment.  In  the  following  pages,  I  shall  employ  both  these  expres- 
sions indiscriminately. 

The  phenomena  and  results  of  the  oxidizement  of  metals  are  not 
the  same  in  all  cases,  but  differ  very  considerably  with  respect  to 
different  metals. 

1.  Some  metals  are  oxidized  by  mere  exposure  to  atmospheric 
air  at  the  ordinary  temperature,  and  even  to  air  which  has  been  de- 


*  After  the  proof  given  on  a  former  occasion,  that  the  junction  of  only  TJffBjS 
part  of  ammonium,  (or  of  some  principle  connected  with  it)  to  mercury,  dimi- 
nished the  specific  gravity  of  that  metal  from  13.5  to  less  than  3,  we  are  not  to 
be  surprised  at  any  changes  that  may  result  from  chemical  combination.  That 
light  and  caloric,  are  undoubtedly  principles  of"  levity,  if  the  doctrines  of  the 
French  school  are  all  well  founded,  can  scarcely  be  denied ;  since  in  all  the 
processes  detailed  by  Lavoisier,  in  which  continual  torrents  of  heat  and  light 
escape,  the  substances  operated  on,  were  absolutely  of  equal  weight,  after,  as 
before.  If  these  substances  are  material,  must  we  not  consider  them  as  possessing 
weight?  However  inappreciable  that  weight  may  be,  we  must  either  admit  that  in 
the  operations  referred  to,  weight,  to  the  extent  of  their  loss,  must  have  been 
sustained  ;  or  consider  them,  like  the  old  phlogiston,  principles  of  absolute 
levity  !     C. 

f  The  loss  of  caloric  and  light  from  the  oxygen  gas,  to  the  contrary  notwith- 
standing !    C. 
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prived  of  its  hygrometric  water.*  Arsenic,  manganese,  and  the  new 
metals  discovered  by  Sir  H  Davy,  are  pernaps  the  only  ones,  which 
have  been  proved  to  possess  this  property.  Others,  it  is  true,  as 
lead  and  copper,  are  changed  by  Jbe  action  of  the  air,  but  extreme- 
ly slowly,  and  not  without  the  conjoined  operation  of  moisture. 

2.  Other  metals  undergo  this  change,  but  not  without  a  consider- 
able increase  of  their  temperature.  Iron,  zinc,  copper  ,tin,  Sec.  when 
heated  to  redness,  lose  their  mctallicvlustre,  and  are  slowly  con- 
verted into  variously  coloured  oxides.  In  some  instances,  the  pro- 
cess is  accompanied  with  so  abundant  an  extrication  of  light  and 
heat,  as  to  exhibit  a  vivid  inflammation.  This  happens,  chiefly, 
with  some  of  the  volatile  metals.  Arsenic  and  zinc,  for  example, 
when  projected  into  a  red-hot  crucible,  emit  a  brilliant  flame.  In 
other  metals,  the  process  is  unaccompanied  by  any  remarkable  phe- 
nomena, and  is  known  to  have  taken  place  only  by  its  results. 

To  convert  the  metals  into  oxides,  there  is  a  degree  of  heat,  which 
is  peculiar  to  each  natal,  and  even  to  different  oxides  of  the  same 
metal.  Mercury,  for  example,  is  oxidized,  at  a  degree  of  heat, 
which  products  no  change  on  iron  ;  and  lead  at  one  degree  of  tem- 
perature becomes  minium,  at  another  massicot. 

3.  With  the  exception  of  mercury,  the  metals,  which  have  been 
called  perfect,  (comprehending,  also,  gold,  platina,  silver,  and  pal- 
ladium,) are  not  oxidized,  even  by  the  combined  operations  of  air 
and  of  an  increased  temperature.  Gold,  silver,  and  other  metals  of 
this  kind,  may  be  kept  for  many  days  in  fusion,  without  undergoing 
any  change.  That  they  have  an  affinity,  however,  for  oxygen,  and 
are  even  capable  of  taking  it  from  atmospheric  air,  is  proved  by  the 
effect  of  an  electrical  or  galvanic  battery.  By  the  former,  the  wires 
of  the  perfect  metals  are,  at  the  same  moment,  dispersed  into  smoke 
and  oxidized  ;  and  by  transmitting  a  powerful  discharge,  through 
■anyof  the  perfect  metals  beaten  into  thin  leaves,  the  metal  burns 
with  a  remarkable  degree  of  splendour. 

4.  All  metals  that  are  oxidized  by  atmospherical  air,are  still  more 
readily  oxidized  by  oxygen  gas.  In  many  cases,  a  metal,  which 
undergoes  this  change  slowly  and  invisibly  by  the  action  of  air,  takes 
fire  in  oxygen  gas,  and  exhibits  a  bright  inflammation.  Tor  example, 
it  has  already  been  shown,  that  an  iron  wire  may  be  entirely  con- 
sumed in  oxygen  gas. 

These  are  the  most  simple  cases  of  metallic  oxidizement.  In 
order  that  the  changes,  which  have  been  described,  may  take  place, 
it  is  only  necessary  that  there  should  exist  a  stronger  affinity  be- 
tween oxygen  and  the  metal,  than  between  the  oxygen  and  light 
(and  perhaps  the  electricity)  which  constitute  the  gas.  In  other 
cases,  the  phenomena  are  more  complicated,  and  the  metal  acquires 
oxygen  by  the  decomposition  of  some  other  compound.  Of  these 
sources  ot  oxygen,  the  most  important,  if  not  the  only  ones,  are 
water,  the  acids,  and  other  oxides  ;  or  compounds  containing  one 
or  more  of  these  substances. 

*  This  is  not  quite  so  admissible.  It  would  be  perhaps  difficult  to  prove 
the  complete  privation  of  water  in  the  air.    C. 

X  X 
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I.  Water  gives  up  its  oxygen  to  those  metals  only,  which  mani- 
fest a  powerful  affinity  for  that  basis,  and,  generally  speaking,  to 
those  which  are  most  efficient  in  decomposing  atmospherical  air. 
The  newly  discovered  metals  ofcSir  H.  Davy  decompose  it  with  a 
rapidity,  which  amounts  to  actual  inflammation  ;  hut,  in  general, 
the  change  is  slow  at  common  temperatures.  Iron  filings,  for  ex- 
ample, when  moistened  with  water,  and  confined  in  an  inverted  jar 
over  mercury,  become  very  gradually  oxidized,  and  evolve  hydro- 
gen gas.  But  water,  brought  into  contact  with  red-hot  iron,  is  rapid- 
ly decomposed,  and  hydrogen  gas  is  disengaged  in  torrents. 

II.  All  those  acids,  in  which  oxygen  has  been  proved  to  exist, 
and  especially  those  which  Dr.  Thomson  has  called  su/ifwriers  of 
coinbustion,  and  the  neutral  salts  containing  them,  are  efficient 
means  of  oxidizing  the  metals.  In  general,  the  less  strong  the 
affinity  of  the  acid  base  for  oxygen,  the  more  rapidly  is  the  metal 
oxidized.  Those  acids,  that  have  not  been  proved  to  contain  oxy- 
gen (except  the  oxymuriatic,  the  presence  of  oxygen  in  which  is 
still  a  subject  of  controversy)  are  remarkably  inert  in  their  action 
on  metals;  and  the  same  inactivity  belongs  to  other  acids,  in  which 
the  oxygen  and  base  are  held  combined  by  a  powerful  affinity. 
Thus  concentrated  sulphuric  acid,,  at  the  temperature  of  the  atmo- 
sphere, scarcely  attacks  any  of  the  metals ;  because  the  oxygen 
and  sulphur,  of  which  it  consists,  forcibly  attract  each  other.  On 
the  other  hand,  the  nitric  and  nitro-muriatic  acids,  in  which  there 
exists  a  large  quantity  of  loosely  combined  oxygen,  readily  abandon 
a  part  of  it,  and  act  on  the  metals  with  considerable  energy.*  Even 
the  perfect  metals  are  oxidized  by  the  last  acid  ;  and  thus  we  ob- 
tain proof  that  the  resistance,  which  the  perfect  metals  show  to  the 
action  of  oxygen  gas,  is  not  owing  to  their  want  of  affinity  for  that 
basis,  but  to  the  predominance  of  other  opposing  forces. 

Some  of  the  acids,  which  do  not,  in  their  concentrated  state,  act 
upon  metals,  acquire  the  power  of  oxidizing  them  when  diluted 
with  water.  This  is  true  of  the  sulphuric  and  muriatic  acids,  t© 
either  of  which  we  may  apply  iron  or  zinc,  without  any  change  en- 
suing. But  on  adding  water,  the  metal  disappears,  and  hydrogen  gas 
is  abundantly  evolved.  Now  it  is  a  principle,  to  which  no  exception 
has  yet  been  discovered,  that  a  metal  cannot,  in  its  perfectly  me- 
tallic state,  unite  with  any  acid.  In  order  to  be  dissolved,  it  must 
first  be  brought  into  the  state  of  an  oxide ;  and  in  the  case  which 
has  been  just  now  stated,  no  substance,  capable  of  furnishing  oxy- 
gen, is  in  contact  with  the  iron  except  water.  As  an  additional 
proof  that  water  is,  in  this  instance,  the  source  of  the  oxygen,  it 
has  been  ascertained  that  no  portion  of  the  acid  is  decomposed  ; 
but  that  the  same  quantity  of  acid  exists  in  combination  with  oxide 
of  iron,  as  was  originally  submitted  to  experiment.! 

*  And  if  on  metals,  why  is  it  to  be  denied  in  the  case  of  procuring  nitrogen 
from  flesh  ?    C. 

|  The  observations  formerly  made  respecting  the  denial  of  the  decomposi- 
tion of  nitric  acid,  in  procuring  nitrogen  from  flesh,  will  equally  apply  here.  Ii 
is,  I  think,  absolutely  impossible  to  credic  the  necessity  of  the' presence  of  die 
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By  measuring  the  quantity  of  hydrogen  gas,  evolved  in  experi- 
ments of  this  kind,  it  is  not  difficult  to  calculate  how  much  oxygen 
the  metal  has  acquired  ;  since  every  100  cubic  inches  of  hydrogen 
gas  indicate  the  transference  to  the  metal  of  about  17  grains  of  oxy- 
gen. Equal  weights  of  different  metals  evolve  different  quantities 
of  hydrogen  gas,  in  consequence  of  their  combining  with  different 
quantities  of  oxygen.  If  one  metal,  for  example,  in  order  to  become 
soluble  in  sulphuric  acid,  require  40  per  cent,  of  its  weight  of  oxy- 
gen, and  another  only  20  per  cent.,  the  former  will  disengage  twice 
as  much  hydrogen  gas  as  the  latter.  The  same  metal,  also,  in  dif- 
ferent states,  may  evolve  different  quantities  of  hydrogen.  If  for 
example,  the  metal  be  already  a  little  oxidized,  it  will  set  at  liberty 
less  hydrogen  than  if  it  were  perfectly  metallized.  On  this  prin- 
ciple, the  different  proportions  of  real  metal  in  several  varieties  of 
iron  and  steel  have  been  investigated,  the  most  perfectly  metalliz- 
ed iron  yielding,  of  course,  the  most  hydrogen  gas. 

The  phenomena,  observed  during  the  solution  of  a  metal,  and 
those  attending  the  solution  of  its  oxide,  in  the  same  acid,  are  es- 
sentially different.  For  the  most  part,  a  metal  is  dissolved  with 
effervescence,  an  appearance  always  occasioned  by  the  escape  of 
gas  Iron,  it  has  already  been  stated,  effervesces  strongly  during 
its  solution  in  dilute  sulphuric  acid;  but  the  black  oxide  of  that  me- 
tal is  taken  up  silently,  and  without  any  discharge  of  gas. 

III.  The  metals  may  be  oxidized  by  the  transfer  of  oxygen  from 
other  metallic  oxides.  Thus  when  iron  filings  are  distilled  with 
the  red  oxidelbf  mercury,  the  oxygen  passes  to  the  iron,  and  the 
mercury  is  revived  or  appears  in  a  metallic  state.  In  a  similar 
manner,  the  oxides  held  in  solution  by  acids,  are  decomposed  by 
immersing,  in  the  solution,  other  metals.  When  copper,  for  ex- 
ample, is  immersed  in  a  solution  of  nitrate  of  mercury  (consisting 
of  oxide  of  mercury  and  nitric  acid)  the  latter  metal  is  deprived  of 
its  oxygen  by  the  former,  and  appears  on  the  surface  of  the  copper 
in  a  revived  state.  The  nitrate  of  copper,  which  is  thus  produced, 
is  precipitated  by  iron,  which  has  a  stronger  affinity  than  copper 
for  oxygen.  A  variety  of  similar  examples  might  be  given,  in 
which  the  precipitating  metal  takes  oxygen  from  that  which  is  pre- 
cipitated. In  cases  of  this  sort,  it  must  be  confessed  that  the 
comparative  affinities  of  the  acid  for  the  oxides  of  the  two  metals 
have  some  share  in  the  effect,  but  much  less  than  the  affinities  of 
oxygen  separately  considered.  The  precipitated  metal,  also,  is 
seldom  quite  pure,  but  contains  a  portion  of  the  metal,  which  has 
caused  the  precipitation. 

By  an  attentive  examination  of  facts  of  this  kind,  Lavoisier  has 
been  able  to  deduce  the  proportion  of  oxygen  necessary  to  the  so- 
lution of  different  metals,  according  to  this  analogy  :  As  the  quan- 

acids,  (which  vet  we  know  to  be  the  case)  if  their  decomposition  is  denied. 
The  doctrine  of  disposing  affinities,  brought  forward  by  most  writers  to  explain 
the  processes  stated,  has  justly  been  called  absurd,  by  Dr.  Henry.  Nor  am  I 
disposed  to  admit  the  fact*  of  the  exact  quantities  of  acid]q/?er  oh  before,  without 
Ate  experiment  being  accurately  repeated     C. 
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tity  of  the  precipitant  is  to  that  of  the  phecipitated  metal,  so  is 
the  quantity  of  oxygen  nectts nary  for  ihe  solution  oj  the  /ireci/iitaied 
to  that  ncce&oary  for  the  solution  of  the  fir<  ci/tilant.  Thus  it  has 
been  found  hy  experiment  that  135  grains  of  mercury  are  necessary 
for  the  pn  cipita  ion  of  100  grains  ol  silver  from  the  nitric  acid.  It 
is  evident,  then,  that  135  grains  ol  mercury  require,  to  become 
soluole,  tht  same  quantity  of  oxygen  as  100  grains  oi  silver;  and, 
therefore,  as  100  to  13.7,  so  is  the  quantity,  necessary  to  render 
soluble  100  grains  of  mercury,  to  that  necessary  for  the  solution  of 
100  grains  of  silver.  Now  eight  grains  of  oxygen  are  necessary  to 
the  solution  of  100  grains  of  mercury  ;  and  therefore  10.8  grains  are 
required  for  the  solution  of  100  grains  of  silver.  By  an  extension 
of  the  same  experiments  to  other  metals,  Lavoisier  lormed  a  table 
of  the  quantity  of  oxygen  necessary  for  the  solution  of  all  the 
meials;  but  I  omit  giving  it  in  this  place,  because  subsequent 
discoveries  have  pointed  out  several  inaccuracies,  winch  it  con- 
tains. 

Such  are  the  principal  means  of  effecting  the  oxidation  of  metals. 
Different  individuals  of  the  class,  it  has  already  been  stated,  com- 
bine with  different  proportions  of  oxygen;  and  the  same  metal,  it 
may  now  be  added,  is  susceptible  of  different  degrees  or  stages  of 
oxidation.  Iron,  for  example,  when  united  with  oxygen  in  the  pro- 
portion of  29.5  grains  to  100  grains  of  metal,  composes  a  black 
oxide  ;  and  with  43.5  parts  of  oxygen  to  100  of  metal,  it  constitutes 
a  red  oxide.  These  different  oxides  of  the  same  metal  have  not 
only  different  colours;  but  each  of  them  is  characterized  by  a  dis- 
tinct train  of  chemical  properties,  and  especially  by  different  habi- 
tudes with  respect  to  the  acids.  Thus  the  black  oxide  of  iron 
readily  unites  with  muriatic  and  sulphuric  acids  ;  but  the  red  oxide 
less  easily.  The  salts  with  base  of  the  first  oxide  afford  a  white 
precipitate  with  triple  prussiate  of  potash  ;  and  none  at  all  with  the 
gallic  acid,  or  with  sulphuretted  hydrogen.  But  the  salts,  in  which 
the  iron  is  at  the  maximum  of  oxidation,  give  a  deep  blue  com- 
pound with  the  triple  prussiate,  and  a  black  one  with  the  gallic 
acid. 

It  is  an  interesting  question,  whether  the  same  metal  is  capable 
of  uniting  with  oxygen,  in  all  proportions  between  the  maximum 
and  minimum,  or  whether  it  does  not  rather  combine  with  that  prin- 
ciple in  a  few  proportions  only,  between  which  there  are  no  inter- 
mediate compounds.  Are  there,  for  example,  only  two  oxides  of 
mercury,  the  black,  consisting  of  100  parts  of  metal  united  with  four 
of  oxygen ;  and  the  red,  composed  of  the  same  quantity  of  metal  and 
eight  parts  of  oxygen  ?  The  determination  of  this  point  requires 
more  precise  and  multiplied  appeals  to  experiment,  than  have 
hitherto  been  made.  But  in  a  p;reat  variety  of  cases,  where  the 
question  has  been  accurately  investigated,  different  oxides  of  the 
same  metal  do  appear  to  contain  oxygen,  in  proportions  which  are 
simple  multiples  of  each  other;  and  the  fact  will  probably  be  esta- 
blished with  respect  to  all  other  oxides.  It  is  by  no  means  neces- 
sary, however,  that  the  possible  number  of  oxides  of  any  one  metal 
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should  be  limited,  as  Proust  has  supposed,  to  two;  for  it  is  perfect- 
ly consistent  with  the  atomic  hypothesis  that  there  may  be  three, 
four,  or  even  a  greater  number. 

It  had  been  long  known  that  of  different  oxides  of  the  same 
metal,  the  one  which  contains  a  larger  proportion  of  oxygen  is 
capable  of  saturating  more  acid,  than  the  one  which  contains  less. 
Two  of  the  illustrations,  which  are  given  of  tins  principle,  are  fur- 
nished by  the  muriates  of  copper  and  the  muriates  of  mercury. 
Corrosive  muriate  of  mercury  is  composed  of  the  red  oxide  of 
that  metal,  united  with  muriatic  acid;  and  the  sub-muriate  (calo- 
mel) consists  of  the  black  oxide,  combined  with  the  same  acid. 
Now  it  is  remarkable  that,  according  to  the  experiments  of  The- 
nard,  the  oxygen  in  the  red  oxide  is  just  double  of  that  in  the 
black  ;  and  that  the  acid  in  the  corrosive  muriate  is,  also,  pre- 
cisely double  that  in  the  sub-muriate.  Similar  facts  have  been  as- 
certained by  Proust,  with  respect  to  the  two  muriates  of  copper, 
as  appears  from  the  following  statement. 


The  green  f  100  copper, 
muriate      <     24.57  oxygen. 
consists  of  (    83.18  acid. 


he  green  f  100  c 
uiriate  <  24.5 
insists  of  (^    83.1 

1  he  white  J 
muriate  ol  J      " 


copper. 
28  oxygen. 
59  acid. 

The  same  law  appears,  also,  from  the  experiments  of  Sir  H. 
Davy,  to  hold  good  with  respect  to  the  oxiues  of  potassium  and 
sodium.  To  this  principle,  an  important  addition  has  lately  been 
proposed  by  Gay  Lussac,*  and  supported  by  a  variety  of  illustra- 
tions ;  viz.  that  the  quantity  of  acid,  which  differ  en'  metals  require 
for  saturation,  is  in  direct  proportion  to  the  quantity  of  oxygen  in 
their  oxides.  Let  us  suppose,  for  example,  that  of  any  two  metals, 
A  combines  with  twice  as  much  oxygen  as  B  ;  then,  a  given 
Weight  of  the  oxide  of  A  will  neutralize  twice  as  much  acid  as  an 
equal  weight  of  the  oxide  of  B. 

The  solubility  ot  the  metallic  salts,  it  has  been  observed  by  Gay 
Lussac,  bears  a  proportion  to  the  quantity  of  oxygen  in  the 
oxides;  and  consequently  to  the  quantity  of  acid,  with  which  that 
oxide  is  combined.  Salts,  in  which  the  metal  is  at  the  minimum 
ot  oxidation,  are  generally  those  which  are  most  insoluble.  This 
is  the  fact  with  respect  to  the  salts  of  lead,  silver,  and  mercury; 
for  these  are  metals  which,  at  the  minimum  of  oxidiztment.  take 
very  little  oxygen,  and  consequently  very  little  acid.  Corrosive 
muriate  of  mercury,  also,  which  contains  the  largest  proportion  of 
oxygen  ayd  acid,  is  much  more  soluble  than  the  submuriate,  in 
which  both  the  oxygen  and  acid  are  present  in  considerable  less 
quantity. 

An  important  law  has  been  deduced  by  Berzeliusf  from  the  com- 

*  M6moirefl  d'Arcueil,  ii.  159,  or  37  Phil,  Mag.  200-. 
j-  79  Ann.  do  Chim.  127. 
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parision  of  a  great  number  of  facts;  viz.  that  in  all  neutral  salts, 
the  oxygen  of  the  acid  is  a  multiplication  of  that  of  the  base  by 
some  entire  number.  The  law,  he  apprehends,  may  be  expressed 
more  generally  in  the  following  terms.  When  two  oxidated  sub- 
stances enter  into  a  neutral  combination,  the  oxygen  of  ihat  which, 
in  a  galvanic  circle,  would  be  attracted  to  the  fiositive  pole,  is  a  mul- 
tiplication, by  an  entire  number,  of  the  oxygen  of  that,  which  would 
be  deposited  at  the  negative  pole.  For  example,  279  parts  of  pro- 
toxide of  lead  contain  19.95  parts  of  oxygen,  and  saturate  100 
parts  of  sulphuric  acid,  which  contain  59.85  parts  of  oxygen. 
Now  the  oxygen  of  the  oxide  19.95x3  ~59. 85,  which  is  precisely 
the  oxygen  of  the  acid.  The  same  coincidence  holds  good  in  a 
variety  of  other  instances. 

There  is  a  certain  state  of  oxidation,  peculiar  to  the  different 
metals,  in  which  they  are  most  readily  acted  upon  by  the  several 
acids.  Iron  and  manganese,  for  example,  at  the  maximum  of 
oxidizement,  are  altogether  insoluble  in  nitric  acid;  but  readily 
dissolve  in  it,  when  combined  with  a  smaller  proportion  of  oxygen. 
Even  when  once  brought  into  combination  with  that  acid,  the 
oxide,  by  attracting  a  farther  quantity  of  oxygen,  from  the  atmo- 
sphere or  from  any  other  source,  is  separated  in  the  state  of  an 
insoluble  precipitate.  This  principle  explains  the  change,  which 
is  produced  in  solutions  of  iron,  by  keeping  them  exposed  to  air. 
The  oxides  of  iron  and  manganese,  saturated  with  oxygen,  are 
soluble,  however,  in  the  less  oxygenated  acids  ;  for  example,  in  the 
sulphurous  or  nitrous,  which  first  deprive  the  oxide  of  part  of  its 
oxygen,  and  then  dissolve  the  less  saturated  oxide. 

Beside  the  class  of  acids,  which  are  the  best  solvents  of  the 
metals,  alkaline  solutions  act  upon  metallic  substances.  The  wa- 
ter, which  holds  the  alkali  in  solution,  is  decomposed;  its  hydro- 
gen is  disengaged,  and  its  oxygen  transferred  to  the  metal ;  and 
the  oxide,  thus  produced,  is  taken  up  by  the  alkaline  liquor.  The 
oxides  ready  formed,  are  also,  in  several  cases,  dissolved  by  liquid 
alkalis.  When  a  pure  alkali  is  added  to  a  metallic  solution,  the 
metal  is  precipitated  in  the  state  of  an  oxide ;  but  the  precipitate 
is  seldom  quite  free  from  alkali,  and  the  metallic  oxide,  in  a  few 
instances,  instead  of  appearing  in  a  separate  form,  is  dissolved  by 
the  alkali.  When  alkaline  carbonates  are  employed  instead  of 
pure  alkalis,  for  the  precipitation  of  metallic  solutions,  the  oxide 
combines  with  carbonic  acid,  and  appears  in  the  state  of  a  metallic 
carbonate. 

The  compounds  of  ammonia  with  metallic  oxides  are  of  more 
importance  than  those  of  the  other  alkalis,  and  have  obtained  the 
generic  name  of  Ammoniuuets.  They  may  be  formed,  either  by 
acting  on  the  metals  with  liquid  ammonia,  the  water  in  which  is 
decomposed  and  furnishes  a  metallic  oxide,  which  unites  with  the 
alkali.  Or  they  may  be  produced,  by  exposing  the  oxides  to  am- 
moniacal  gas,  at  the  temperature  of  the  atmosphere.  At  least 
fifteen  oxides,  or  rather  hydrated  oxides,  may  be  brought  into  com- 
bination with  ammonia,  viz.  oxide  of  zinc  ;  deutoxide  of  arsenic ; 
both  the  oxides  of  copper;  oxide  of  silver;  tritoxide  and  tetrox- 
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ide  of  antimony  ;  oxide  of  tellurium  ;  protoxides  of  nickel,  co- 
balt, and  iron  ;  peroxide  of  tin  ;  deutoxide  of  mercury  ;  and  deut- 
oxides  of  gold  and  plaiina. 

The  ammoniurets  are  decomposed  by  a  strong  heat;  the  oxygen 
of  the  oxide  uniting  with  the  hydroiren  of  the  alkali,  and  the  azote 
of  the  latter  being  set  free.  In  some  cases,  as  in  that  of  ammo- 
niuret  of  gold,  this  decomposition  is  attended  with  a  loud  explo- 
sion. 

The  oxides,  existing  in  metallic  solutions,  are  decomposed  by 
inflammable  substances.  Light  only  is  sufficient  for  the  decompo- 
sition of  some  of  them.  Hydrogen  gas,  charcoal,  sulphur,  phos- 
phorus, and  the  compounds  of  hydrogen  with  the  three  iast  bodies, 
when  brought  into  contact  with  the  solutions  of  perfect  metals  at 
eommon  temperatures,  attract  the  oxygen  from  the  metal,  and  oc- 
easion  its  appearance  in  a  metallic  form.  In  this  way,  several 
beautiful  appearances  may  be  produced,  which  will  be  described 
in  treating  of  the  individual  metals. 

The  oxides  themselves  are  decomposed  when  exposed  to  a 
strong  heat  in  contact  with  hydrogen,  charcoal,  or  phosphorus. 
The  two  first,  or  substances  containing  them,  are  chiefly  employ- 
ed for  the  decomposition  of  those  oxides,  which  occur  as  natural 
productions.  The  oxide,  mixed  with  a  portion  of  inflammable 
matter,  is  exposed  to  an  intense  heat  ;  and,  in  order  to  obtain  it  in 
a  coherent  mass,  and  not  in  the  small  grains  which  would  other- 
wise be  formed,  some  substance  is  generally  added,  which  is  capa- 
ble of  being  melted,  and  of  allowing  the  metal  to  subside  through 
it.  Substances  of  this  kind  are  called  fluxes,  and  the  process  is 
termed  the  revival  or  reduction  of  the  metal. 

If  only  one,  oxide  had  existed  of  each  metal,  it  would  have  been 
easy,  by  applying  the  general  principles  of  chemical  nomenclature, 
to  have  distinguished  them  by  names  sufficiently  expressive  of 
their  composition.  But  as  the  metals  are  susceptible  of  several 
stages  of  oxidizement,  it  is  difficult  to  find  terms,  which  sufficient- 
ly  express  the  characteristic  distinctions  of  several  oxides  of  the 
same  metal.  The  existence  of  only  two  oxides  would  have  great- 
ly simplified  their  nomenclature;  for,  in  this  case,  we  might  have 
applied  the  term  oxide  to  the  metal  fully  saturated  with  oxygen, 
and  of  oxidule  to  the  compound  at  an  inferior  stage  of  oxidize- 
ment, as  has  been  done  by  several  of  the  French  chemists.  In  the 
present  state  of  the  science,  however,  this  nomenclature  is  inad- 
missible ;  and  the  specific  name  has  been  derived  from  some  ex- 
ternal character,  chiefly  from  that  of  colour.  Thus  we  have  the 
black  and  red  oxides  of  iron ;  and  the  black  and  red  oxides  of 
mercury.  In  some  instances,  the  denominations,  which  have  been 
proposed  by  Dr.  Thomson  for  the  metallic  oxides,  may  be  advan- 
tageously adopted.  When  there  arc  several  oxides  of  the  same 
metal  (supposing  that  the  proportions  of  oxygen  and  metal  in  each 
are  definite)  he  has  proposed  the  terms  protoxide,  dcutoxide,  tri- 
tozidc,  &c,  signifying  that  the  metal  is  in  its  first,  second,  or  third 
stage   of  oxidizement.     Or  if  two  oxides   only   of  any  metal  are 


352 


METALS    IN    GENERAL. 


CHAP.  XIX. 


known,  he  suggests  the  appellation  of  protoxide  for  that  at  the 
minimum,  and  of  peroxide  for  that  at  the  maximum  of  oxidation. 
A  similar  difficulty  lias  been  experienced,  also,  With  respect  to 
the  neutral  salts  with  metallic  bases;  for  when  different  oxides  of 
the  same  metal  combine  with  a  given  acid,  the  resulting  salts  re- 
quire to  be  distinguished  by  appropriate  names.  This  has  some- 
times been  done  by  prefixing  the  word  oxygenized  (or  for  brevity 
oxy-)  to  the  salt  containing  the  most  highly  oxidized  metal;  as  the 
muriate  and  oxy-muriate  of  mercury.  The  latter  term,  however,  is 
improper  ;  because,  in  strictness,  it  can  only  be  applied  to  the  com- 
pounds of  oxy-muriatic  acid  with  different  bases;  whereas  what  is 
meant  to  be  expressed  is  merely  a  compound  of  ordinary  muriatic 
acid,  with  mercury  in  its  highest  state  of  oxidize  me  nt.  If  the  prin- 
ciple, assumed  by  Gay  Lussac,  should  be  confirmed  by  farther  in- 
vestigation (viz.  that  the  acid  in  metallic  salts  is  proportional  to  the 
oxygen  in  the  oxides),  it  will  be  more  easy  to  derive  a  specific 
name  from  the  proportion  of  acid  than  from  that  of  oxygen.  Thus 
we  shall  have  the  muriate  and  submuriate  of  mercury.  But  till 
greater  precision  is  acquired  in  our  knowledge  of  this  class  of  bo- 
dies, it  may  be  well  to  continue  to  derive  the  specific  name  of  the 
salt  from  some  obvious  quality ;  as  the  green  and  red  sulphates  of 
iron,  the  white  and  green  muriates  of  copper,  Sec. 

The  following  Table  exhibits,  at  qne   view,  the  composition  of 
most  of  the  metallic  oxides. 


Table  shewing  the  Proportions  of  Oxygen  with  which  the  Mttah 

combine. 


Metals. 

No.  of 
Oxides. 

Colour  of 
Oxides. 

MO  of 

Metal  take 

Oxygen. 

Authority. 

Gold 

1 

Brownish  black 

10.01 

Oberlcair.pf. 

Platina 

1 

2 

Black 

8.287  I 
16.38    5 

BerzcTtus. 

Palladium 

1 

14.209 

Ditto. 

Rhodium 

1 

2 
3 

6.71   ^ 
13  42   y 
20.13  3 

Ditto. 

Indium 

1 

2 

Blue 
Red 

:A 

Tcikiiant. 

Silver 

1 

Olive 

7.925 

Bcrzelius. 

Mercury 

1 

2 

Black 
Red 

4 
8 

Tlicnard. 

Copper 

1 

Red 

Black 

12.5      3 
25.        \ 

Proust  and 
Berzelius. 
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Metals. 

No.  of 
Oxides. 

,-.               ^               100  ot 
Colour  ot            .,   .   ,  ,   , 

,,  •  i                  Metal  take 

Oxides.               „ 

Oxygen. 

Authority. 

Iron 

1 

2 

Black 
Red 

29.5    > 
44.2.   £ 

Berzelius. 

Tin 

1 

2 

Grey 
White 

13.5    i 
27.     5 

Gay  Lussac. 

Lead 

1 

2 
3 

Yellow 
Red 
I'uce 

7,70") 
11.08  C 
15.603 

Berzelius. 

Nickel 

1 

2 

Ash  g-rey 
Black 

27. 
unknown 

Tupputi. 

Tlienard. 

Zinc 

1 

White 

24,41 

Gay  Lussac. 

Bismuth 

1 

Yellow 

11.28 

Lagerhielm. 

Antimony 

1 

2  (acid) 

3  (acid) 

Dull  white 

Snow  white 

Yellow 

18.60") 
27.90  C 
37.203 

Berzelius. 

Arsenic 

1  (acid) 

2  (acid) 

White 
Ditto 

34.93  I 
52.4    5 

Dr.  Thomson. 
Proust. 

Cobalt 

1 

2 

Blue 
Black 

19.8   I 
33.25  $ 

Manganese 

1 

2 
3 
4 

Green 
Black 

14.05 
28.10") 
42.16  C 
56.213 

Dr.  John. 
Berzelius. 

Molybdena 

1 

2  (acid) 

Blue 
While 

50'      £    1         Bucholz. 

Tellurium 

1 

Yellowish 

20.5               Klaproth 

Tungsten 

1 

2  (acid) 

Black 
Yellow 

y.  } 

Bucholz. 

Uranium 

1 

2 

Black 
Yellow 

25.      5 

Ditto. 

Titanium 

1 
2 
3 

Blue 

Red 

White 

::  } 

Vauquelin. 

Tantalum 

White 

Cerium 

1 

2 

White 
Fawn 

17.41    I 
26115  5 

Hisinger. 
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Many  of  the  metallic  oxides  have  an  attraction  for  water,  which 
they  manifest  by  being  soluble  in  it,  or  by  reducing  it  to  a  solid  or 
gelatinous  form.  The  soluble  oxides  are  potash,  soda,  barytcs,  stron- 
tites,  and  lime  ;  the  deutoxide  of  arsenic, and  the  oxide  of  osmium. 
There  are  a  few  others,  which  are  soluble  in  a  very  small  degree, 
not  exceeding  one  thousandth  of  the  weight  of  the  water,  viz. 
oxide  of  moiybdena,  deutoxide  of  mercury,  tiitoxide  and  tetroxide 
of  antimony. 

The  compounds  of  oxides  and  water,  in  which  the  latter  exists 
in  a  condensed  state,  are  termed  hydrates,  or  hydro-oxides." 
The  hydrates  of  potash,  soda,  and  barytes  retain  the  water  which 
constitutes  them  such,  at  the  temperature  of  ignition,  and  it  caw 
only,  indeed,  be  expelled  by  bodies  that  have  a  stronger  affinity  for 
the  alkali  or  earth.  The  hydrates  of  the  remaining  earths  are  de- 
composed by  the  heat  of  ignition.  The  hydrated  oxides  of  the 
common  metals  are  obtained,  by  adding  a  solution  of  pure  potash, 
soda,  or  ammonia,  to  the  solution  of  the  oxide  in  sulphuric,  mu- 
riatic, or  nitric  acid.  The  precipitate,  washed  repeatedly  with 
water,  is  to  be  collected  on  a  filtre  ;  and,  if  dried,  the  heat  employ- 
ed must  be  as  gentle  as  possible  ;  for  a  slight  elevation  of  tempera- 
ture is  sufficient  to  expel  the  whole  water,  and  to  leave  only  an 
oxide. 

The  hydrated  oxides  are,  for  the  most  part,  much  more  soluble 
in  acid  than  the  oxides.  According  to  Berzelius,  they  are  definite 
compounds,  in  such  proportions,  that  the  oxygen  of  the  water  is 
equal  in  weight  to  that  of  the  oxide.  This  principle  requires,  how- 
ever, to  be  established  by  a  greater  number  of  facts. 

Beside  the  important  class  of  compounds,  which  result  from  the 
union  of  metals  with  oxygen,  the  metals  are  capable,  also,  of  enter- 
ing into  combination  with  hydrogen,  sulphur,  chlorine,  phospho- 
rus, and  charcoal.  They  afford,  also,  by  uniting  with  each  other,  an 
interesting  class  of  compounds  called  metallic  alloys. 

I.  The  compounds  of  metals  with  hydrogen  are  neither  nu- 
merous nor  of  much  importance.  When  water  is  decomposed  by 
certain  metals,  at  the  same  time  that  the  oxygen  combines  with 
one  portion,  the  hydrogen,  which  is  disengaged  in  the  state  of  gas, 
takes  up  a  minute  quantity  of  metal.  This  is  the  case,  in  a  small 
degree,  with  iron  ;  still  more  with  zinc  ;  and  most  remarkably  with 
arsenic  and  tellurium,  both  of  which  afford  compounds,  having 
several  remarkable  properties. 

II.  The  combinations  of  metallic  bodies  with  sulphur 
have  been  divided  by  Vauquelinf  into  three  classes,  viz.  1st,  the 
compounds  of  metals  with  sulphur,  which  alone  are  with  propriety 
called  sulfihurets  ;  2dly,  the  compounds  of  sulphur  with  metallic 
oxides  termed  sulfihurettcd  oxides  ;  and  3dly,  those  of  sulphuretted 


*  Here  we  again  find  the  adjunct  Hydro-  for  the  fourth  time.  Surely  we 
ought  to  employ  terms  sufficiently  distinct  to  char:;<:terize  the  combinations  oi 
hydrogen  and  of  water.  Our  nomenclature,  with  all  its  beauties,  is  miserably  de- 
fective in  perspicuity  on  many  occasions.     C 

f  Annales  de  Chimie,  xxxvii.  57. 
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hydrogen  with  metallic  oxides,  which  may  be  called  hydro-sulphu- 
retted oxides. 

1.  Ali  the  metals,  with  the  exception  of  gold,  zinc,  and  tin,  are, 
in  their  metallic  state,  susceptible  of  combination  witlv  sulphur.  In 
order  to  effect  their  union,  it  is  sufficient  that  one  of  the  bodies  be 
brought  into  a  fluid  state  ;  and  as  sulphur  is  readily  fusible,  a  very 
moderate  heat  only  is  required  for  the  purpose.  Thus  a  mixture  of 
45  parts  of  iron  filings  with  15  of  sulphur,  or  of  40  parts  of  copper 
filings  with  15  of  sulphur,  when  heated  in  a  glass  tube,  combines, 
the  moment  the  fusion  of  the  sulphur  is  accomplished.  The  phe- 
nomena are  very  remarkable,  consisting  in  a  sudden  and  bright 
glow,  like  that  of  intense  ignition.  During  combination,  however 
dry  the  materials  may  have  been,  it  appears  from  the  experiments 
of  Mr.  Clay  field,*  that  a  quantity  of  elastic  fluid  is  liberated,  amount- 
ing to  nine  or  ten  times  the  bulk  of  the  mixture,  and  consisting  of 
sulphuretted  hydrogen  and  sulphurous  acid.  The  former  probably 
arises  from  the  sulphur,  and  the  latter  from  the  metallic  filings, 
which  may  have  been  partially  oxidized  by  the  process  of  washing 
and  drying. 

In  these  compounds,  the  properties  of  the  metals  cease  to  be  ap- 
parent; for  the  sulphurets  are  brittle  ;  have  colours  different  from 
those  of  the  metals  ;  and,  when  artificially  formed,  are  destitute  of 
lustre.  The  quantity  of  sulphur,  with  which  different  metals  are 
capable  of  uniting,  varies  with  each  metal.  The  same  metal,  also, 
in  some  instances,  is  susceptible  of  combination  with  different  quan- 
tities of  sulphur,  and  of  affording  compounds,  characterized  by  a 
distinct  train  of  properties.  Thus  the  compound  of  luo  parts  of 
iron  with  58^  of  sulphur  is  brittle  and  of  a  dark  grey  colour;  has 
little  or  no  lustre  ;  and  is  attracted  by  the  magnet.  But  100  parts 
of  iron  with  117  of  sulphur  form  a  yellow  compact  compound,  of 
sufficient  hardness  to  strike  fire  with  steel ;  and  having  so  much 
lustre,  as  to  have  been  often  mistaken  by  the  ignorant  for  gold. 
When  different  sulphurets  of  the  same  metal  exist,  the  sulphur,  in 
those  which  contain  the  larger  proportion,  is  an  exact  simple  mul- 
tiple of  the  sulphur  in  those  which  contain  the  less. 

The  following  Table  exhibits  the  composition  of  several  of  the 
metallic  sulphurets : 

100  Parts  of       Unite  with  Sul/i/iuf.  Authority. 

Gold 24.39  ....  Berzelius. 

PUtina    1st.     .     .     .       8.287  ....  Ditto. 

2d.     .     .     .  16.38  ....  Ditto. 

Palladium        .     .     .  14.209  ....  Ditto. 

Silver 14.9  ....  Ditto. 

Copper  ....  256  ....  Ditto. 
Iron  1st.  ...  5875  ....  Ditto. 
2d.     ...  117 Ditto. 

*  Note  to  Mr.  Davy's  paper  on  alkalis.    (Philosophical  Transactions,  1808.) 
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100  Parts  of       Unite  ivith  Sul/ihur. 
V__«^ l     v v 1 

Tin         1st.     .     .     .     27.234     .     . 
2d.     .     . 


Lead 

Nickel   1st.     , 

2d. 

Zinc      .     . 
Bismuth 
Antimony 
Arsenic   1st. 
_ 2d. 

Cobalt         .     • 
Molybdenum 


54.5 

15  92 

51.5 

77. 

48.84 

22.52 

37.25 

33.3 

75. 

39.8 

67. 


Authority. 

1 rV ' 

Dr.  John  Davy. 

Duto. 

Beizclius. 

E.  Davy. 

Ditto. 

Dr.  Thomson. 

Lagcrnielm. 

Berzelius. 


Proust. 


Metallic  sulphurets  can  only  be  partially  decomposed  by  heat; 
and  though  this  assertion  apptars  to  be  contradicted  by  the  effect  of 
roasting  Jiese  compounds  ;  yei  it  is  to  be  considered  that  the  me- 
tals, when  heated  with  the  contact  of  air,  absorb  oxygen,  and  thus 
lose  their  affinity  tor  sulphur  The  sulphurei  of  one  metal  may,  in 
many  instances,  be  decomposed  by  another  metal.  Thus  when  sul- 
phuret  of  mercury  is  distilled  with  a  proper  proportion  of  iron  fil- 
ings, the  sulphur  passes  to  the  iron,  and  the  mercury  comes  over 
in  a  metallic  state. 

Concentrated  sulphuric  acid*  with  the  assistance  of  heat,  acts 
upon  metallic  sulphurets,  and  is  converted  into  sulphurous  acid, 
which,  being  volatile,  escapes.  Metals  which,  in  their  separate 
state,  were  dissolved  by  dilute  sulphuric  acid,  continue  sensible  to 
its  action,  after  being  combined  with  sulphur.  When  dilute  sul- 
phuric acid,  however,  acts  on  such  compounds,  instead  of  hydrogen 
gas  simply,  we  obtain  sulphuretted  hydrogen.  It  is  chiefly  the  com- 
pounds with  the  minimum  of  sulphur,  that  produce  this  effect;  for 
the  sufier-sul/i/iurets,  or  those  containing  a  farther  proportion  of 
sulphur,  resist  the  action  of  this  solvent. 

Concentrated  muriatic  acid  has  no  effect  on  sulphurets  ;  but  the 
diluted  acid  acts  like  the  diluted  sulphuric.  Nitric  acid  is  decom- 
posed by  the  metallic  sulphurets  ;  nitrous  gas  is  disengaged  ;  and 
sulphur  is  precipitated. f  In  this  case,  though  all  nitric  acid  con- 
tains water,  yet  sulphuretted  hydrogen  is  not  formed,  because  the 
acid  yields  its  oxygen  more  easily  than  water. 

Sulphurets,  composed  of  metals,  which  powerfully  attract  oxy- 
gen, and  the  oxides  of  which  have  moreover  an  affinity  for  sulphuric 
acid,  absorb  oxygen  from  the  atmosphere,  and  pass  to  the  state  of 
sul/ihates.  In  this  way  most  of  the  sulphate  of  iron  is  formed,  which 
occurs  in  commerce.  But  if  the  metal  has  either  a  strong  affinity 
for  sulphur,  or  a  weak  one  for  oxygen,  then  the  conversion  into  a 
sulphate  does  not  happen,  as  in  the  sulphurets  of  copper,  antimony, 


*  Berthollet,  Annales  de  Cliimje,  xxv.  256. 
\  Vauqutliii,  Ice.  cit.  65. 
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and  mercury.*  The  sulphuret  of  iron  containing  a  full  proportion 
of  suiphur  resists,  also,  the  conjoined  action  of  air  and  moisture. 

2.  In  general,  the  meials  have  a  stronger  affinity  than  their  oxides 
for  sulphur.  But  there  are  a  few  cases,  in  winch  certain  metals 
are  incapable  oi  combining  with  sulphur,  till  they  are  brought  into 
the  state  of  oxides.  These  are  chiefly  zinc,  mercury  and  man- 
ganese, the  compounds  of  which  with  sulphur  may  be  called  **/- 
"jihuretted  oxides.  Other  metals,  also,  are  capable  ot  affording  simi- 
lar compounds  ;  butin  general  their  affinity  for  sulphur  diminishes, 
in  proportion  to  the  quantity  of  oxygen  which  they  hold  in  combi- 
nation. 

These  compounds  act  on  acids,  somewhat  differently  irom  the 
mere  sulphurets.  If  the  metal  be  only  oxidized  at  its  minimum, 
they  yield  sulphuretted  hydrogen  with  diluted  muriatic  and  sul- 
phuric acids,  and  nitrous  gas  with  nitric  acid.  But  in  their  per- 
fectly oxidized  state,  they  dissolve  without  effervescence,  and  the 
sulphur  remains  unaltered. 

3.  Sulphuretted  hydrogen  enters  into  combination  with  a  tew  ot 
the  metals,  with  mercury  and  silver  for  example;  but'  it  unites,  in 
general,  more  readily  and  permanently  with  their  oxides,  Prom 
such  compounds  the  sulphuretted  hydrogen  is  detached  in  a  gas- 
eous state  by  some  concentrated  acids,  which  seize  the  metallic 
oxide.  Most  of  the  sulphuretted  oxides,  also,  undergo,  in  process 
of  time,  spontaneous  decomposition,  in  consequence  of  the  union  of 
the  hydrogen  and  oxygen  which  they  contain,  and  which,  by  combi- 
nation, form  water.  When  this  happens,  the  oxide  is  partly  reduced, 
and  the  sulphur  unites  with  the  deoxidized  metal.  Hence  the  same 
sulphuretted  oxide  varies  in  composition,  according  to  the  period 
which  has  elapsed  since  its  preparation. 

When  we  precipitate  a  metallic  solution  by  sulphuretted  hydro- 
gen alone,  or  by  its  compounds  with  alkalis,  we  obtain  either  a  me- 
tallic sulphuret  or  a  hydro  sulphuret.     In  the  first  case,  the  hydro- 
gen of  the  sulphuretted  hydrogen  takes  all  the  oxygen  ot  the  oxide; 
and  the  sulphur  torms  a  true  sulphuret  with  the  reduced  metal.  In 
the    second   case,  the    sulphuretted  hydrogen    unites  directly  with 
the  oxide,  without  decomposing  it,  and  its  proportion  is  such  that 
the  hydrogen  is  sufficient  to  saturate  all  the   oxygen   ot  the  oxide. 
The  quantity  of  hydrogen,  then,  which  is  destroyed,  or  may  be  de- 
stroyed,  depends  on  the  state  of  oxidizement  of  the   metal,  and  so 
also  docs  the  quantity  of  sulphur.     Now  if  metals,  as  appears  pro- 
bable, are  susceptible  of  oxidation  in   only   a    few  determinate  de* 
prees,it  follows  that  by  precipitations  of  this  kind,    we  may  obtain 
metallic  sulphurets   with   fixed   proportions,  which   may  be  easily 
calculated  from  the  known  quantity  of  oxygen  in  the  oxide,  and  the 
known  composition  of  sulphuretted  hydrogen  t     Thus    the  l.w  of 
fixed  proportions  will  be  ex. ended  to  the  compoui.ds  of  metals  with 
sulphur;  and  another  step  will  be  made,  towards  establishing  the 

*  Bevthoikt.loc.  cit.  2.>6. 

f  Gay  Lustac,  Memo'ues  d'Arcueil,  H.  175. 
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important    general    principle  in   chemical   philosophy,   which  has 
been  so  ably  illustrated,  in  other  cases,  by  Mr.  Dalton. 

4.  Hydroguretted  suiphurets  of  metals  and  ;heir  oxides  may  be 
obtained  by  precipitating  metallic  solutions  with  the  hydroguretted 
suiphurets  ot  alkalis.  In  sulphuretted  oxides,  it  has  been  observed  by 
Berzelius,*  the  oxygen  ot  the  oxide  is  to  the  hydrogen  of  the  sulphu- 
retted Hydrogen,  precisely  in  the  proportion  necessavy  to  constitute 
water.  The  oxides  of  all  metals,  he  adds,  which  have  for  oxygen  a 
greater  affinity  than  hydrogen  has,  may  unite  with  sulphuretted  hy- 
drogen. In  the  compounds  thus  produced, the  metal,  sulphur,  hydro- 
gen, and  oxygen  exist  in  such  proportions,  that  ihe  oxygen  is  precisely 
sufficient  to  change  the  sulphur  into  acid,  the  metal  into  protoxide, 
and  the  hydrogen  into  water.  But  if  the  affinity  of  the  metal  for 
oxygen  be  inferior  to  that  of  hydrogen,  the  oxide  is  then  reduced, 
and  water  and  a  sulphurctare  generated.  Thus  the  alkalis,  the 
earths,  and  protoxides  of  zinc  and  manganese,  afford,  with  sulphu- 
retted hydrogen,  saline  combinations;  but  the  oxides  of  lead  and 
copper  are  decomposed  by  it. 

It  had  been  generally  supposed  that  metals,  which  have  a  great 
affinity  for  oxygen,  and  which  decompose  water,  (as  manganese, 
iron,  zinc,  uranium,  nickel,  cobalt,  8cc.)  are  not  precipitated  from 
their  solutions  by  sulphuretted  hydrogen,  except  with  the  concur- 
rence of  double  affinities.  Gay  Lussac,  however,  has  shownf  that 
the  compounds  of  these  metals  with  the  weaker  acids  (as  the  ace- 
tic, tartaric,  and  oxalic)  are  decomposed  by  sulphuretted  hydrogen, 
and  produce  hydro-sulphurets  of  the  respective  metals.  When  a 
still  weaker  solvent  of  the  metal  is  employed,  the  decomposition  is 
more  easily  effected.  Thus  the  ammoniurets  of  iron,  nickel,  kc.  are 
entirely  decomposed  by  that  gas ;  and  this  furnishes  an  excellent 
process  for  obtaining  pure  hydro-sulphurets  ;  for  the  alkaline  hy- 
dro-sulphurets, commonly  employed  for  this  purpose,  are  almost  al- 
ways contaminated  with  sulphur.  Those  metals  which  are  not 
precipitable  by  sulphuretted  hydrogen,  become  so,  when  acetate  of 
potash  is  added  to  their  solutions. 

III.  All  the  metals  are  susceptible  of  combinations  with  chlo- 
rine or  oxymuriatic  acid.  When  exposed  to  the  gas  in  a  state 
of  minute  division,  produced  either  by  filing  or  beating  them  into 
leaves,  they  combine  with  it,  for  the  most  part,  with  the  appear- 
ance of  combustion.  But  silver,  lead,  nickel,  cobalt,  and  gold  unite 
with  chlorine,  without  the  extrication  of  heat  and  light. 

The  results  of  these  combinations  are  differently  explained  in 
the  old  and  the  new  theory.  According  to  the  former,  the  metal 
attracts  oxygen  from  oxymuriatic  acid  gas*;  and  the  oxide  unites 
with  the  muriatic  acid.  According  to  the  new  theory,  the  metal 
unites  directly  with  chlorine ;  and  the  combustion  is  produced 
merely  by  the  intensity  of  chemical  action.  Consistently  with  the 
former  view,  the  products  of  the  combustion  should  be  called  mu- 
riates.    Conformably  with  the   latter,  we  may  either,  with  Sir  II. 

*  79  Ann.  Chim.  129.  f  80  An.  Ch.  205. 
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Davy,  designate  them  by  terminating  the  Latin  name  of  the  metal 
in  ane  or  anea  ;  or  we  may  give  ihem  the  appellation,  chlorides  j 
or,  as  Gay  Lussac  has  proposed,  that  of  chlorures  or  chlorurels.* 

From  the  greater  number  of  metallic  oxides,  chlorine  expels 
the  whole  of  the  oxygen  and  takes  its  place  ;  and  when  muriatic 
acid  gas  is  made  to  act  upon  them  water  appears,  and  compounds 
are  obtained,  resembling  those  formed  by  the  direct  union  of  the 
metals  with  chlorine. 

Chlorine  combines  with  the  metals  in  different  proportions,  which 
are  expressed  in  the  following  Table  of  the  result  of  experiments, 
©arefully  made  by  Dr.  John  Davy : 


Dei 

1. 

Decl. 

Metals. 

Grains.  Ft* 

Grains.  Pts. 

Copper    . 

.      60 

+ 

32.77 

Chlorine 

— 

Cuprane. 

67 

+ 

67.20 

Ditto 

Cupranea. 

Tin     .     . 

.      55 

+ 

33.40 

Ditto 

Stannane. 

+ 

67.00 

Ditto 

^^* 

Stannanea. 

Iron     .     . 

.     29.5 

+ 

3.1.60 

Ditto 

— 

Ferrane. 

+ 

55.50 

Ditto 

— 

Ferranea. 

Manganese 

28.4 

+ 

33.60 

Ditto 

~~ 

Manganesane 

Lead     .     . 

97.2 

+ 

33.80 

Ditto 

^^ 

Piumbane. 

Zinc     .     . 

34.5 

+ 

34.40 

Ditto 

^^ 

Zincane. 

Arsenic     . 

21.9 

+ 

33.6 

Ditto 

— 

Arsenicane. 

Antimony 

42.5 

+ 

34.60 

Ditto 

^^ 

Antimonane. 

Bismuth     . 

67.5 

+ 

34.20 

Ditto 

zz 

Bismuthane. 

IV.  Iodine  when  heated  with  the  metals.,  combines  with  all  of 
them,  and  forms  a  class  of  compounds  called,  by  Sir  H.  Davy, 
iodes,  and  by  Gay  Lussac,  iodures  or  iodurets.  They  are  all  inso- 
luble, and  when  placed  in  contact  with  water  decompose  it ;  hydrio- 
dic  acid  and  an  oxide  of  the  metal  are  formed  ;  and  these  last, 
uniting  together,  compose  a  hydriodate. 

V.  Several  metals  have  an  affinity  for  phosphorus,  and  form  a 
Glass  of  compounds  called  metallic  phosphurets.  The  best  me- 
thod of  effecting  this  combination  is  to  expose  the  metals  to  heat, 
in  contact  with  phosphoric  acid  and  charcoal.  The  charcoal  de- 
prives the  phosphorus  of  oxygen  ;  and  the  de-oxygenized  phos- 
phorus unites  with  the  metal.  Metals,  however, that  have  a  strong 
affinity  for  oxygen,  decompose  the  phosphoric  acid,  and  unite  with 
its  base,  without  the  intervention  of  charcoal.  The  metallic  phos- 
phurets  have  not  hitherto  been  applied  to  any  useful  purpose  ;  and 
it  is  sufficient,  therefore,  to   refer  to  the  description  of  them  by 


•  If  the  principles  upon  which  the  present  nomenclature  of  chemistry  are  to 
be  considered  as  proper,  we  cannot  well  assent  to  the  new  terminations  propos- 
ed by  Sir  H.  Davy.  That  it  however  requires  a  complete  revision,  is  I  think  de- 
monstrated by  the  endless  synonimes  which  are  constantly  introducing ;  and 
which  greatly  retard  the  progress  of  the  science.  Whether  the  terms  of  chlo- 
ride or  chloruret  are  more  legitimate,  must  greatly  depend  on  the  issue  of  the 
dispute  as  to  the  nature  of  oxymtiriatic  acid.     C. 
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Pelletier,  in  the  first  and   thirteenth  volumes   of  the  Annates  dr. 
Clnmie. 

VI.  The  compounds  of  metals  with  carbon  are  called  carbu- 
rets. That  ot  iron  and  carbon,  the  properties  of  which  vary  accord- 
ing to  the  proportion  of  the  two  ingredients,  is  ihe  only  one  of  im- 
porijme.     It  will  be  described  in  its  proper  place. 

VII.  The  metala  are,  tor  the  most  part,  capable  of  uniting  with 
e&ch  other.  For  this  purpose,  they  recmire  to  be  brought  into  a 
siate  of  iusion  ;  and,  even  when  melitd,  considerable  care  is  neces- 
sary to  form  a  permanent  compound  If  one  metal  is  considerably 
heavier  than  the  other,  it  is  apt  to  sink  to  the  bottom  of  the  fluid 
mass  Nothing  can  show  this  in  a  more  sttiking  manner,  than  a 
fact  whicn  lias  been  stated  by  Mr.  Hatchett.  He  found  that  when 
gold,  winch  has  been  melted  with  a  proportion  of  copper  or  other 
metals,  is  cast  into  bars,  tn'e  moulds  for  which  are  placed  vertically, 
the  lower  part  of  the  bar  contains  more  gold  in  proportion  tiian  the 
upper  part. 

There  are  a  few  of  the  metals  that  do  not  unite  by  being  fused 
together.  This  is  the  case  with  lead  and  iron  -,  but  even  in  such 
cases  we  are  scarcely,  perhaps,  entitled  to  deny  ail  affinity;  for  some 
of  the  metais,  which  were  formerly  thought  incapable  of  combina- 
tion, have  been  made  to  combine  by  circuitous  processes.  This  is 
the  fact  with  respect  to  iron  and  mercury.* 

In  the  new  nomenclature,  the  word  alloy  is  retained  as  a  gene- 
ral term  tor  all  combinations  of  metals  with  each  other  ;  and  the 
specific  name  is  derived  from  that  of  the  metal,  which  prevails  in 
the  compound.  Thus  in  the  alloy  of  gold  with  silver,  the  gold  is  to 
be  understood  as  being  in  greatest  proportion  ;  in  the  alloy  of  silver 
ivith  gold,  the  siiver  is  the  principal  ingredient.  The  compounds 
of  mercury  with  other  metals,  at  a  very  early  period  of  chemistry, 
were  called  amalgams!,  and  as  the  name  does  not  lead  to  any 
erroneous  notions,  it  may  still  be  retained  to  denote  this  sort  of  al- 
loys. 

The  metals  in  general  are  capable  of  uniting  with  each  other  in 
unlimited  proportions;  but  in  a  few  instances,  it  appears  probable, 
though  it  is  not  absolutely  proved,  that  they  unite  in  certain  propor- 
tions Oi.ly. 

This  proposition  has  been  ably  maintained  by  Berzelius,  as  we| 
as  by  Dalton.  Potassium,  the  former  observes,  gives  with  mer- 
cury two  crystallized  compounds,  one  of  which  contains  twice  as 
much  potassium  as  the  other.  The  arbor  Diane  is  a.  definite  com- 
pound of  siiver  and  mercury.  When  zinc  and  copper  are  distilled 
together,  a  certain  quantity  of  zinc  comes  over,  but  the  rest  can- 
not be  raised  by  heat.  From  a  fused  mixture  of  antimony}  iron, 
and  copper  with  much   tin,  metallic   crystals  separate  on  cooling, 

*   Aikin   in  Philosophical  Magazine. 

f  Although  the  name  of  amaigam  does  not  lead  to  any  erroneous  idea,  yet 
no  good  reason  can  be  assigned  for  retaining  it ;  the  term  alloy  is  so  completely 
admitted  to  designate  the  combinations  of  metals  amongst  themselves,  that 
when  we  can  get  rid  of  (at  best)  an  useless  synomme,  it  seems  proper  to  do 
ao.    C 
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containing  definitive  proportions  of  the  component  metals.  When- 
ever, indeed,  the  new  compound  has  an  opportunity  of  separating 
from  the  fused  mass,  it  appears  to  be  formed  in  established  pro- 
portions. 

By  combination,  the  metals  undergo  a  considerable  change  of 
properties,  and  acquire  new  ones,  not  observable  in  the  separate 
meials. 

1.  The  specific  gravity  of  an  alloy  is  seldom  the  mean  of  those 
of  its  component  pains.  Thus  an  alioy  of  silver  with  copper  or 
tin,  or  one  of  silver  or  gold  with  lead,  has  a  greater  than  the  mean 
specific  gravity.  An  alloy,  also,  of  silver  with  mercury,  though 
the  former  metal  is  specifically  lighter  than  the  latter,  possesses 
so  much  acquired  density  as  to  sink  in  quicksilver.  In  other 
cases,  on  the  contrary,  the  specific  gravity  of  the  compound  fills 
short  of  the  mtan  of  that  of  its  components,  or  there  appears  to 
be  a  degree  of  dilatation,  as  in  the  alloys  of  gold  with  copper,  iron, 
or  tin.  To  estimate  exactly,  however,  cither  the  increase  or  dimi- 
nution of  density,  requires  an  attention  to  several  ciicumstances.* 

2.  The  ductility  and  malleability  of  metals  is  generally  changed 
•by  combination  ;  and,  for  the  most  part,  these  qualities  are  impair- 
ed. Even  two  metals,  which  separately  are  both  malleable  and 
ductile,  are  rendered  brittle  by  combination.  This  is  very  remark- 
ably the  case  with  an  alloy  of  gold  and  lead,  the  latter  of  which, 
even  in  the  trivial  proportion  of  half  a  grain  to  an  ounce  of  gold, 
renders  the  alloy  quite  destitute  of  tenacity.  In  such  cases,  it  has 
been  supposed  that  a  true  chemical  union  does  not  take  place,  and 
that  the  newly  added  metal  is  merely  mechanically  interposed  be- 
tween the  particles  of  the  other,  the  cohesion  of  which  it  thus  im- 
pairs. This  explanation,  however,  can  scarcely  be  admitted  as  sa- 
tisfactory ;  and,  among  other  arguments  in  proof  of  the  existence 
of  chemical  union,  it  may  be  remarked,  that  gold  is  rendered  brit- 
tle by  being  kept  in  fusion  in  the  vicinity  of  melted  tin,  the  va- 
pour of  which  it  seems  capable  of  attracting. 

3.  The  hardness  of  metals  is  varied  by  combination.  Gold,  by 
combination  with  a  small  quantity  of  copper,  and  silver  by  a  minute 
proporiion  of  the  same  metal,  acquire  such  an  increase  of  hard- 
ness, that  these  additions  are  always  made  to  gold  or  silver  which 
is  to  be  exposed  to  wear.  By  a  small  addition  of  gold,  iron  is  said 
to  gain  so  much  hardness,  as  to  be  even  superior  to  steel  for  the 
fabrication  of  cutting  instruments. 

4.  Change  of  colour  is  a  common  effect  of  the  combination  of 
metals.  Arsenic,  for  example,  which  resembles  steel,  and  copper 
which  has  a  red  colour,  afford  a  compound  which  has  nearly  the 
whiteness  of  silver. 

5.  The  fusibility  of  compound  metals  is  different  from  what 
might  have  been  inferred  from  that  of  their  components.  Plutina, 
for  example,  is  rendered  easily  fusible  by  arsenic,  and  a  compound  of 
lead,  tin,  and  bismuth  melts  at  a  temperature  below  that  of  boiling 
water,  though  the  most  fusible  of  the  three  (bismuth)  requires  for 

*  See  Aikin's  Dictionary,  article  Alloy 
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fusion  a  much  higher  degree  of  heat.     This  is  the   principle  of 
solders. 

6.  Metals  have  their  volatility  increased  by  being  combined  with 
oilier  metals,  which  are  more  volatile  than  themselves.  Gold,  se- 
parately, requires  an  intense  heat  for  its  volatilization  ;  but  when 
an  amalgam  of  gold  with  mercury  is  distilled,  a  quantity  of  gold 
passes  over  with  the  quicksilver. 

7.  By  chemical  union  with  each  other,  the  metals  have  their  ten- 
dency to  combine  with  oxygen  considerably  increased,  partly  in 
consequence  of  the  diminution  of  their  cohesion,  but  partly,  also, 
perhaps,  in  consequence  of  their  forming  a  galvanic  combination. 
Lead,  when  amalgamated  with  mercury,  is  oxidized  by  merely 
shaking  the  compound  with  water.  Lead  and  tin,  melted  toge- 
ther, acquire  such  an  increase  of  affinity  for  oxygen,  that,  at  the 
moment  of  combination,  they  actually  infl  ime.  By  the  oxidation 
of  either  ingredient  in  any  of  these  alloys  the  compound  is  de- 
stroyed. The  oxide  of  lead,  for  example,  separates  from  mercury 
in  the  form  of  a  black  powder.  Hence,  also,  a  pellicle  of  oxide  is 
generally  observed  on  the  surface  of  melted  solders,  which  is  re- 
newed as  soon  as  it  is  removed. 

From  a  comparison  of  the  resemblances  among  metals,  both  as 
to  physical  and  chemical  properties,  several  arrangements  of  them 
have  been  formed  into  smaller  classes.  Besides  the  subdivisions, 
which  have  been  already  mentioned,  into  noble  and  base  metals, 
and  into  entire  metals  and  semi-metals,  other  classifications  have 
been  contrived.  Fourcroy  has  proposed  to  divide  them  into  five 
orders.  1.  The  brittle  and  acidifiable  includes  four  species,  viz. 
arsenic,  tungsten,  molybdtna,  and  chrome.  2.  The  brittle  and  am- 
ply oxidizable  are  seven  (nickel  having  been  transferred  by  Richter 
to  a  different  class),  viz.  titanium,  uranium,  cobalt,  manganese,  bis- 
muth, antimony,  and  tellurium.  3.  The  metals,  that  are  oxidiza- 
ble and  imperfectly  ductile,  are  mercury  and  zinc.  4.  The  ductile 
and  easily  oxidizable  are  tin,  lead,  iron,  and  copper.  5.  The  very 
ductile  and  difficult  of  oxidizement  are  silver,  gold,  palladium,  and 
platina. 

A  better  arrangement,  however,  appears  to  me  to  be  that  which 
has  been  proposed  by  Dr.  Thomson,  in  the  third  edition  of  his 
System  of  Chemistry.  He  divides  the  metals  into  four  classes. 
The  first  class  comprehends  the  malleable  metals,  which  are 
fourteen  in  number,  viz.  gold,  platina,  silver,  mercury,  palladium, 
rhodium,  iridium,  osmium,  copper,  iron,  nickel,  tin,  lead,  and  zinc 
The  second  class  includes  the  brittle  and  easily  fused,  viz  bis- 
muth, antimony,  tellurium,  and  arsenic.  The  third  class,  metals 
that  are  brittle  and  difficultly  fused.  These  are  cobalt,  manganese, 
chrome,  molybdena,  uranium,  and  tungsten.  The  fourth  class 
are  called  refractory  metals  ;  because  they  have  never  yet  been  ex- 
hibited in  a  perfectly  metallic  form,  but  always  in  combination 
with  more  or  less  oxygen.     These  are  titanium,  columbium,  and 
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cerium.*     In  this  order,  I  shall  now  proceed  to  describe  the  indi- 
vidual metals. 


FIRST  CLASS. 

MALLEABLE    METALS. 

SECTION  I. 

Gold. 


To  obtain  gold  in  a  state  of  purity,  one  part  by  weight  may  be 
dissolved  in  three  of  nitro-muriatic  acid  (composed  of  one  part  by 
weight  nitric,  and  two  muriatic  acids.)  To  the  clear  liquid,  a  so- 
lution of  green  sulphate  of  iron  must  be  added.  The  gold  will 
be  precipitated  in  the  state  of  a  fine  powder,  and,  after  being 
washed  first  with  diluted  muriatic  acid,  and  then  with  distilled 
water,  may  be  either  preserved  for  solution  in  powder,  or  fused 
into  a  mass. 

I.  The  external  qualities  of  gold  are  the  following; 

1.  It  has  an  orange  or  reddish  yellow  colour;  and  may  be 
brought  to  assume  a  degree  of  lustre  inferior  only  to  that  of  steel, 
platina,  silver,  and  mercury. 

2.  Its  specific  gravity  varies  a  little  according  to  the  mechanical 
processes  which  it  has  undergone  ;  but  it  may  be  stated,  on  the 
average,  at  19.3. 

3.  It  exceeds  all  other  metals  in  ductility  and  malleability,  and 
may  be  beaten  into  leaves  ^Wooo^1  °1  an  i,lf;h  in  thickness. 

4.  It  is  considerably  tenacious;  for  a  wire  only  -j-J^ths  of  an 
inch  diameter  will  sustain  a  weight  of  l50lbs. 

II.  Gold  may  be  melted  by  a  moderate  red-heat ;  viz.  at  about 
32°  of  Wedgwood's  pyrometer,  or  1300°  Fahrenheit.  The  intense 
heat  of  a  glass-house  furnace  has  no  other  effect  than  to  keep  it  in 
fusion.  And  even  exposure  to  Mr.  Parker's  powerful  burning  lens, 
for  several  hours,  occasioned  no  loss  of  weight.  After  fusion,  it 
crystallizes  in  short  quadrilateral  pyramids. 

III.  Pure  gold  is  not  oxydized  by  exposure  to  heat  with  the  access 
of  air ;  but  it  may  be  brought  to  the  state  of  a  purple  oxide  by 
transmitting,  through  gold  leaf  or  wire,  either  a  powerful  electrical 
or  galvanic  discharge. 

IV.  Sulphuric,  nitric,  and  muriatic  acids  have  separately  no 
evident  action  on  gold;  but  the  last  mentioned,  Proust  has  observ- 
ed, by  long  boiling  with  finely  divided  gold,  dissolves  a  small  por- 
tion. 

*  Tantalum  has  lately  been  shown  by  Dr.  Wollaston  to  be  identical  with 
columbium. 
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V.  The  proper  solvents  of  gold  are  the  oxy  muriate  and  nitiomu- 
rialic  acids.  Oberkampf*  prefers  the  former,  because  a  purer  so- 
lution is  obtained,  and  one  which  can  more  easily  be  had  tree  from 
an  excess  of  acid.  Gold  leaf,  introduced  into  chlorine  gas,  takes 
fire  and  burns.  But  if  gold  leaf  be  suspended  in  water,  into  which 
chlorine  gas  is  passed,  it  is  dissolved,  and  the  solution  may  be  con- 
centrated by  evaporation. 

To  dissolve  gold  in  nitro-muriatic  acid,  Vauquelinf  reverses  the 
usual  proportions,  and  mixes  two  parts  by  weight  of  muriatic  acid 
with  one  of  nitric.  Three  parts  of  an  aqua  rcgia  so  composed, 
are  equivalent,  he  finds,  to  four  made  with  the  common  propor- 
tions. 

Tlie  solution  of  gold  (in  whatever  way  prepared)  has  an  orange 
yellow  colour  ;  but  this,  Oberkampf  asserts,  is  owing  to  an  excess 
of  acid,  and  it  passes  to  a  brownish  red,  as  soon  as  the  redundant 
acid  is  neutralized  or  expelled  by  heat.  The  solution  should,  there- 
fore, be  evaporated  to  dryness,  and  the  dry  mass  (care  being  taken 
not  to  heat  it  too  strongly)  redissolved  in  water.  The  solution 
gives  a  purple  slain  to  the  skin,  and  is  susceptible  of  crystalliza- 
tion. 

Muriate  of  gold,  prepared  by  the  solution  of  the  metal  either  in 
oxymuriatic  or  nitromuriatic  acid,  is  decomposed  by  solutions  of 
fixed  alkalis,  and  yields  a  precipitate,  which  differs  greatly  in  colour, 
according  to  the  circumstances  of  the  experiment.  If  it  has  a  yel- 
low colour  and  a  styptic  taste,  it  is  a  sub-muriate,  To  avoid  this,  it  is 
necessary  to  use  a  considerable  excess  of  alkali,  and  then  the  pre- 
cipitate is  of  a  brownish  black  colour.  It  is  this,  which  Oberkampf 
considers  as  the  true  oxide  of  gold.  It  should  be  dried  with  extreme 
Care,  for  too  much  heat  drives  off  a  part  of  its  oxygen. 

VI.  This  oxide  is  decomposed  entirely  by  heat,  without  passing 
through  any  inferior  stage  of  oxidation  ;  oxygen  gas  comes  over; 
and  pure  gold  remains.  The  mean  of  three  experiments  of  Ober- 
kampf shows,  that  100  parts  of  gold  combine  with  10.01  oxygen; 
but  Berzelius  states  the  oxygen  at  1 1.982.  It  is  probable  that  this 
compound  is  the  peroxide  of  gold,  and  that  there  is  also  a  protoxide, 
with  half  as  much  oxygen  as  the  former  ;  but  its  existence  has  not 
yet  been  demonstrated,  and  at  present  we  are  acquainted  with  only 
one  oxide  of  this  metal.  If  no  other  can  be  proved  to  exist,  the 
atom  of  gold  must  be  estimated  to  weigh  75,  for  as  10  to  100,  so  is 
7.5  to  75. 

VII.  It  is  necessary  to  observe,  that  the  entire  decomposition 
of  muriate  of  gold  is  not  effected  by  the  alkalis,  and  that  the 
liquor  holds  in  solution  a  triple  salt  of  gold,  alkali,  and  muriatic 
acid. 

VIII.  A  solution  of  pure  ammonia  separates  from  the  solution 
by  nitro-muriatic  acid  an  oxide  of  gold,  and  a  portion  of  ammonia, 
uniting  with  the  oxide,  forms  a  compound  which  detonates  very 
loudly  in  a  gentle  heat,  and  is  terme d  fulminating  gold- 

To  obtain  this  compound,  add  a  solution  of  ammonia  in  water,  or 

*  80  Ann.  de  China.  140.  f  77  Ann.  de  Chim.  322. 
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ihe  pure  liquid  ammonia,  to  diluted  muriate  of  gold  ;  a  precipitate 
will  appear,  which  will  be  redissolved  if  too  much  alkali  be  used. 
Lei  the  liquid  be  filtered,  and  wash  the  sediment,  wnich  remains  on 
the  filer,  with  several  portions  ol  warm  water.  Dry  it  by  expo- 
sure to  the  air,  without  any  artificial  heat,  and  preserve  it  in  u  bot- 
tle, closed,  not  with  a  glass  stopper,  but  merely  by  a  cork.  A  small 
portion  of  this  powder,  less  than  a  grain  in  weight,  being  placed  on 
the  point  oia  knife,  and  held  over  a  lamp,  detonates  violently.  The 
precise  temperature,  which  is  required,  is  not  known,  but  ii  ap- 
pears to  exceed  250°  Fahrenheit.  At  the  moment  of  explosion,  a 
transient  Hash  is  observed.  The  principal  force  is  exerted  down- 
wards ;  and  hence  two  or  three  grains, exploded  on  a  pretty  strong 
sheet  of  copper,  will  force  a  hole  through  it.  Neither  electricity 
nor  a  spark  from  the  flint  and  steel  are  sufficient  to  occasion  hs 
detonation  ;  but  the  slightest  friction  explodes  it,  and  serious  acci- 
dents have  happened  from  this  cause. 

This  detonation  is  explained  as  follows:  Fulminating  gold  is 
composed  of  an  oxide  of  that  metal,  combined  with  ammonia.  When 
its  temperature  is  raised,  the  ammonia  is  decomposed  ;  the  hydro- 
gen of  the  alkali  unites  with  the  oxygen  ol  the  oxide,  and  reduces 
the  gold  to  a  metallic  state  ;  and  nitrogen  gas,  and  probably  aque- 
ous vapour,  are  liberated  in  a  highly  expanded  state.  The  violent 
impulse  of  these  aeriform  products,  on  the  surrounding  atmosphere, 
appears  to  be  the  cause  of  the  loud  noise  that  is  occasioned  by  the 
explosion  of  this  compound.  A  similar  explanation  may  be  applied 
to  other  fulminating  compounds  of  metallic  oxides  with  ammonia; 
such  as  those  of  silver  and  mercury,  which  will  be  described  here- 
after. 

Fixed  alkalis  throw  down,  from  nitro-muriate  of  gold,  the  yellow 
oxide  already  alluded  to. 

IX.  The  solution  of  gold  is  also  decomposed  by  certain  combus- 
tible bodies,  which  attract  the  oxygen  from  the  gold,  and  restore  it 
to  a  metallic  state,  (a)  Into  a  dilute  solution  of  muriate  of  gold,, 
contained  in  a  glass  jar,  put  a  long  narrow  slip  of  charcoal,  and  ex- 
pose the  whole  to  the  direct  light  of  the  sun.  '1  he  gold  will  be 
revived,  and  will  appear  on  the  charcoal  in  a  metallic  st.tte,  exhibit- 
ing a  very  beautiful  appearance.  The  same  change  ensues  with- 
out li^ht,  if  the  solution  be  exposed  to  a  temperature  of  212°. 

(6)  Moisten  a  piece  of  white  taffeta  ribband,  with  the  dilute  so- 
lution of  k°Mi  and  expose  it  to  a  current  of  hydrogen  gas  from  iron 
filings,  and  dilute  sulphuric  acid.  The  gold  will  be  reduced,  and 
the  ribband  will  be  gilt  with  the  metal.  By  means  of  a  camel's 
hair  pencil,  the  t^old  may  also  be  so  applied  as  to  exhibit  regular 
figures,  when  reduced. 

"(c)  The  same  experiment  may  be  repeated,  substituting  phos- 
phuretted  hydrogen  for  common  hydrogen  gas.  The  reader,  who 
wishes  for  a  detail  of  various  experiments  of  a  similar  kind,  may 
consult  an  Essay  on  Combustion,  by  Mis  Fulhame,  published  by 
Johnson,  London,  179:-,  and  also  Count  Rumford's  paper,  in  the 
Philosophical  Transactions,  1798<  page  449. 

X.  Gold  is  precipitated  from  muriatic  acid,  in  a  metallic  form, 
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by  a  solution  of  green  sulphate  of  iron*  This  depends  on  the  affi- 
nity of  the  protoxide  ol  iron  lor  a  further  quantity  of  oxygen,  which 
it  takes  from  the  oxide  of  gold. 

XI.  When  a  sheet  of  tin  is  immersed  in  a  solution  of  nitro-mu- 
riate  of  gold,  the.  oxide  of  gold  is  precipitated  of  a  purple  colour; 
and,  when  scraped  off  and  collected,  forms  the  fiur/Ue  fiowder  of 
Cassius,  much  employed  in  enamelling.  Or  the  metallic  salt, 
largely  diluted  with  water,  may  be  put  into  a  glass  vessel  with  a 
few  pieces  of  grain  tin.  In  a  short  time,  the  liquor  will  become  of 
the  colour  of  i  ed  wine,  and  a  very  light  fiocculent  precipitate  will 
begin  to  precipitate,  leaving  the  liquor  clear.  This  when  well 
washed  and  dried,  nas  a  deep  purple  colour,  and  is  the  precipi- 
tate of  Cassius.  The  same  precipitate  is  obtained  by  mixing  a 
solution  of  gold  with  a  recently  made  solution  of  tin  in  muriatic 
acid.  ' 

The  composition  and  colour  of  the  precipitates  of  gold,  by  mu- 
riate of  tin  at  the  minimum,  have  been  shown,  by  Oberkarr.pf,  to  be 
very  variable.  The  colour  approaches  more  to  a  violet,  as  the  salt 
of  tin  bears  a  larger  proportion  to  t):at  of  gold;  and  the  colour, 
communicated  by  the  precipitate  to  porcelain,  has  the  same  varia- 
ble character.  When  the  muriate  of  gold  is  in  excess,  the  precipi- 
tate has  more  of  a  rose  colour.  A  violet  compound  was  proved  on 
analysis  to  contain  60  per  cent,  of  oxide  of  tin,  and  4o  of  metallic 
gold;  and  one  of  a  fine  purple  consisted  of  20  £  oxide  of  tin  and  79  J 
gold . 

XII.  Gold  is  precipitated  from  its  solvent  by  ether,  but  the  ox- 
ide of  gold  is  instantly  re-dissolved  by  the  ether,  and  forms  the 
ethereal  solution  of  gold.  This  solution  is  advantageously  applied 
to  the  gilding  of  steel  scissars,  lancets,  and  other  instruments, 
which  it  protects  from  rust  with  a  very  small  expenditure  of  gold. 

XIII.  When  a  current  of  sulphuretted  hydrogen  gas  is  passed 
through  a  solution  of  gold,  a  black  precipitate  falls  down.  This  is 
a  true  sulphuret  of  gold,  which  gives  up  its  sulphur  on  the  appli- 
cation of  heat.     It  is  composed  of 

Gold 80.39 100. 

Sulphur    .  .  .    19.61 24.39 


100.  124.39 

The  sulphuret,  thus  prepared,  is  more  uniform  in  its  composi- 
tion, than  that  which  is  precipitated  by  alkaline  hydro-sulphurels ; 
for  these  contain  a  variable  proportion  of  sulphur,  which  is  thrown 
down  along  with  the  gold. 

The  sulphuret  of  gold  is  soluble  in  hydro-sulphuret  of  potash. 
Liquid  potash  takes  up  a  part,  and  leaves  a  yellow  powder,  which 
is  metallic  gold.  The  alkaline  hydro-sulphurets  do  not  dissolve 
gold,  however  minutely  divided,  till  sulphur  is  added,  when  proba- 
bly a  sulphuret  of  gold  is  formed,  on  which  the  hydro-sulphuret  is 
capable  of  acting. 

XIV.  Gold  may  be  combined  with  phosphorus,  either  by  preci- 
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pitating  its  solution  with  sulphuretted  *  hydrogen,  or,  as  Mr.  E. 
Davy  discovered,  by  heating  finely  divided  gold  with  phosphorus 
in  a  tube  deprived  of  air.  It  has  a  grey  colour,  and  a  metallic 
lustre  ;  is  decomposed  by  the  heat  of  a  spirit  lamp ;  and  contains 
about  14  per  cent,  of  phosphorus. 

XV.  The  methods  of  purifying  gold,  by  the  operations  of  cu- 
pelling and  quartation,  would  lead  into  too  long  details.  They  are 
very  perspicuously  described  by  La  Grange,  in  the  44th  chapter  of 
his  Manual,  and  in  Aikin's  Chemical  Dictionary,  article  Gold  To 
the  former  work  ;  to  Lewis's  Philosophical  Commerce  of  the  Arts  ; 
and  to  Mr.  Hatchett's  paper,  in  the  Philosophical  Transactions  for 
1803,  I  refer  also  for  information  respecting  the  alloys  of  gold  with 
other  metals.  It  may  be  proper,  however,  to  add  that  gold,  which 
is  too  soft,  in  its  pure  state,  for  many  purposes,  has  its  hardness 
greatly  increased  by  being  melted  or  alloyed  with  a  small  propor- 
tion of  copper.  It  is  a  singular  fact,  that  some  kinds  of  copper, 
which  do  not  themselves  appear  defective  in  any  respect,  totally 
destroy  the  ductility  of  gold.  This  appears  to  be  owing  to  the 
contamination  of  the  copper  with  a  very  small  quantity  of  lead  and 
antimony,  of  either  of  which  metals  only  about  ygV^th  in  weight  is 
sufficient  to  produce  this  injurious  effect. 

The  degree  of  purity  of  gold  is  expressed  by  the  number  of 
parts  of  that  metal,  contained  in  24  parts  of  any  mixture.  Thus, 
gold,  which,  in  24  such  parts,  (termed  carats,)  contains  22  of  the 
pure  metal,  is  said  to  be  22  carats  fine.  Absolutely  pure  gold, 
using  the  same  language,  is  24  carats  fine :  and  gold  alloyed  with 
an  equal  weight  of  anovher  metal,  12  carats  fine. 


SECTION  II. 

Platina. 

I.  Platina,  in  the  state  in  which  it  reaches  this  country,  is  con- 
taminated by  the  presence  of  eight  or  ten  other  substances;  and, 
in  fact,  is  merely  an  ore  of  platina.  It  had  been  discovered  in  no 
other  places  than  Choco  and  Santa  Fe,  in  South  America,  until 
about  two  years  ago,  when  Vauquelin  detected  it  in  some  grey  sil- 
ver ores  from  Estremadura;  and,  more  lately,  it  has  been  brought 
from  St.  Domingo,  and  from  the  gold  mines  of  Brasil.  The  ge- 
neral aspect  of  the  ore  of  platina  is  that  of  small  grains  or  scales, 
of  a  whiter  colour  than  iron,  and  extremely  heavy.  Various  pro- 
cesses have  been  contrived  for  its  purification  ;f  but  the  one,  which 
is  the  most  simple  and  practicable,  appears  to  me  to  be  that  of 
Count  Moussin  Poushkin,  communicated  by  Mr.  Hatchett  in  the 

*  The  term  sulphuretted  is  a  mistake  in  the  English  copy;  the  sense  require 
It  to  be  phosphuretcd.     C. 

-f  See  Aikin's  Dictionary,  article  Platina. 
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ninth  volume  of  Nicholson's  Journal.*     It  is  unnecessary,  however, 
to  detail  these  processes ;  as  the  metal  may  now  be  had,  in  a  pure 
stale,  at   a  reasonable  price  ;  among  other  places,  at  Cary's,  No. 
182,  Strand,  London. 
II.  Platina  has  the  following  properties: 

1.  It  is  a  white  metal,  resembling  silver  in  colour,  but  greatly 
exceeding  n,  and  indeed  all  other  metals,  in  specific  gravity,  which 
may  be  stated  at  22  or  23,  or,  according  10  Sir  H.  Davy,  at  21.3.  It 
may  be  drawn  into  wire  about  the  2000th  part  of  an  inch  in  diame- 
ter, and  beat  into  very  thin  plates. 

2.  It  is  extremely  difficult  of  fusion.  It  may  be  melted,  how- 
ever, by  the  blow  pipe,  with  the  aid  of  oxygen  gas.  A  globule, 
also,  weighing  29  grains,  boiled  violently  in  the  focus  of  a  lens  abuut 
three  feet  in  diameter,  t 

3.  It  is  not  oxydized  by  the  long-continued  and  concurrent  ac- 
tion of  heat  and  air.  To  obtain  its  oxides,  we  must  have  recourse 
to  a  circuitous  process.  The  nitro-muriate  of  platina  is  to  be  de- 
composed by  lime  water,  and  the  precipitate  re-dissolved  in  nitric 
acid.  This  solution  being  evaporated,  and  heated  so  as  to  drive  oft' 
the  acid,  a  brown  powder  remains,  which  is  the  oxide  of  platina  at 
the  maximum,  and  which  contains  in  100  parts  13  of  oxygen.  This 
oxide,  very  carefully  heated,  passes  to  a  green  colour,  and  loses  six 
parts  of  oxygen,  seven  only  remaining,  combined  with  93  of  metal. 
It  is  proper,  however,  to  state,  that  Sir  H.  Davy  did  not  succeed  in 
the  repetition  of  these  experiments. 

Berzelius  J  describes  two  oxides  of  platina.  The  protoxide  is 
precipitated  from  the  muriate  by  an  excess  of  potash.  Its  colour 
is  black,  and  it  consists  of 

Platina  ....  92.35   ....    100. 
Oxygen    .  .  .     7.65  ....       8.287 


100.  108.287 

The  peroxide  has  been  obtained  only  in  combination.     It  is  com- 
posed of 

Platina  ....  85.93  ....   100. 
Oxygen    .  .  .   14.07  ....     1638 


luO.  116.38 

5.  Platina  has  the  property  of  welding^  which  belongs  to  no 
other  metal  but  this  and  iron.|| 

*  A  process  for  purifying  platina,  by  the  intermediation  of  zinc,  is  described 
by  Descotils  in  the  64th  volume  of  the  Annates  cle  CAimie,  page  334,  or  37  Phil. 
Mag.  65. 

f  69  Ann.  de  Chimie,  93. 

*  87  Ann.  Ch.  126. 

§  Two  pieces  of  wrought  iron,  raised  to  a  white  heat,  become  covered  with 
a  kind  of  varnish;  and,  when  brought  into  contact,  may  be  permanently  united 
by  forging.     This  is  called  the  welding  of  iron. 

Jj  Sodium  appears  to  possess  a  property  analogous  to  welding.  See  p.  162.   C. 
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6.  It  is  not  acted  on  by  any  other  acid  than  the  nitro-muriatic  and 
oxy-muriatic*  The  former  is  best  adapted  10  eft'eOt  tais  soiui.on. 
Sixteen  parts  of  the  compound  acid  are  to  be  poured  on  one  of  the 
laminated  metal,  and  exposed  to  heat  in  a  glass  vessel;  nitrous  gas 
is  disengaged,  and  a  reddish-coloured  solution  is  obtained,  which 
gives  a  brown  stain  to  the  skin. 

When  this  solutionis  evaporated,  and  heated  to  whiteness,  chlo- 
rine gas  is  disengaged,  and  may  be  collected  in  a  proper  appara- 
tus. The  dry  compound,  investigated  by  Mr.  E.  Davy,  gave  18.5 
per  cent,  of  chlorine  ;  but  this  is  considered  by  him  only  as  an  ap- 
pro xi  '.nation. 

7.  The  muriate  ofplatina  maybe  crystallized  by  careful  evapora- 
tion. The  salt  has  a  very  acrid  taste,  and  is  deliquescent.  It  is  de- 
composed by  heat,  and  an  oxide  ofplatina  remains,  which  is  reduced 
to  a  metallic  form  by  ignition  with  charcoal. 

8.  The  muriate  of  platina  has  the  characteristic  property  of  be- 
ing precipitated  by  a  solution  of  muriate  of  ammonia.  By  this 
character,  platina  is  distinguished  from  all  other  metals,  and  may 
be  separated  when  mingled  with  them  in  solution.  The  precipi- 
tate, thus  obtained,  is  decomposed  by  a  strong  heat,  and  leaves  pure 
platina. 

9.  Muriate  ofplatina  is  not  precipitated  by  prussiate  of  potash, 
nor  by  sulphate  of  iron.  If  any  precipitate  ensue,  it  is  owing  to 
contamination  with  other  metals. 

10.  It  is  precipitated  of  a  dark  green  colour  by  the  gallic  acid  as 
present  in  tincture  of  galls.  The  precipitate  becomes  gradually 
paler  by  standing. t 

11.  When  pure  potash  is  poured  into  the  muriatic  solution,  a  pre- 
cipitate ensues,  which  is  not  an  oxide  of  platina,  but  a  tiiple  com- 
pound of  that  oxide  with  the  alkali  and  acid.  With  soda,  also,  it 
forms  a  triple  combination.  This  is  best  obtained,  by  adding  to 
nitric  acid,  in  a  retort,  platina,  with  twice  its  weight  of  muriate 
of  soda,  and  applying  heat  till  about  four  fifths  of  the  fluid 
have  come  over.  The  remaining  liquor  forms,  on  cooling,  fine  pris- 
matic crystals,  sometimes  four  or  five  inches  long;  and  either  red- 
dish-brown, like  titanium;  yellow,  like  amber;  or  of  a  beautiful 
coquelicot  colour. i 

12.  Muriate  ofplatina  is  decomposed  by  ether,  and  an  etherized 
solution  of  platina  is  obtained  ;  which  may  be  applied  to  the  same 
uses  as  the  similar  solution  of  gold.  It  is  decomposed,  also,  by 
sulphuretted  hydrogen,§  and  a  black  powder  is  obtained,  which  be- 
comes reddish  brown  with  an  excess  of  the  precipitant,  but  reas- 
sumes  its  black  colour,  on  exposure  to  the  air.  Its  composition 
cannot  be  investigated  easily,  for  the  sulphur  passes  so  rapidly  to 
the  state  of  sulphuric  acid,  as,  during  the  desiccation  of  the  pow- 
der, to  destroy  the  paper  on  which  it  was  collected.     The  direct 

*  Mr.  P.  Johnson  has  shown  that  platina,  by  being  alloyed  with  silver  and 
gold,  is  rendered  soluble  in  nitric  acid.     40  Phil.  Mag.  1. 
f  La  Grange,  ii.  272. 

+  Nicholson's  Journal,  8vo.  ix.  67.  §Berzelius 

3a 
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combination  of  platina  and  sulphur  was  found  by  Mr.  E.  Davy  to 
give  an  iniu^ible  black  powder,  containing  about  16  per  cent,  of 
sulpuur.* 

Phosphorus  and  platina  may  be  united,  either  by  passing  phos- 
phurcttr  I  hydrogen  into  a  solution  of  the  muriate,  or,  according  to 
Mr.  E.  D  vy,  they  combine  directly  in  exhausted  tubes  with  vivid 
ignition  The  result  is  a  bluish  grey  powder,  infusible,  and  con-- 
taining  17  per  cent,  of  phospiiorus. 

13.  Platina  is  acted  upon  by  fusion  with  nitrate  of  potash,  and 
also  with  pure  fixed  alkalis.  The  latter  property  diminishes  con- 
siderably the  utility  of  platini  as  a  material  for  crucibles. 

14.  The  most  delicate  test  of  the  presence  of  platina  is  muriate  of 
tin.  A  solution  of  platina/so  dilute  as  to  be  scarcely  distinguish- 
able from  water,  assumes  a  bright  red  colour,  on  the  addition  of  a 
single  drop  of  the  recent  solution  of  tin. 

15.  Platina  combines  with  potassium  and  sodium,  and  affords 
brittle  compounds.  It  unites  also  with  most  metals.f  In  the  pro- 
portion of  only  fo  it  renders  gold  pale;  it  amalgamates  with  mer- 
cury ;  and  diminishes  the  fusibility  of  the  fusible  metals.  Its  alloys, 
however,  have  been  but  little  investigated. 

16  Platina  has  been  discovered  by  Dr.  Wollaston  to  be  a  remark- 
ably slow  conductor  of  caloric.  When  equal  pieces  of  silver,  cop- 
per, and  platina,  were  covered  with  wax,  and  heated  at  one  end,  the 
wax  was  melted  3£  inches  on  the  silver;  2h  on  the  copper;  and  I 
inch  only  on  the  platina.  Its  expansion  by  heat  is  considerably 
less  than  that  of  steel ;  which,  between  the  temperatures  of  32° 
and  212°  is  expanded  about  12  parts  in  10,000,  while  the  expansion 
of  platina  is  only  about  10.  From  trials  made  by  Mr.  Scott  of 
Dublin,  it  appears  to  possess  sufficient  elasticity  to  be  applicable  to 
the  making  of  pendulum  springs  for  watches. J 
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Silver. 

Silver  is  a  metal,  which  admits  of  a  degree  of  lustre,  inferior 
only  to  that  of  polished  steel.  Its  specific  gravity,  after  being  ham- 
mered, is  10.51.  In  malleability,  ductility,  and  tenacity,  it  exceeds 
all  the  metals,  except  gold.  Its  fusing  point,  as  determined  by  Dr. 
Kennedy,  is  22°  of  Wedgwood's  pyrometer.  By  considerably  rais- 
ing this  heat,  it  may  be  volatilized  ;  and,  by  slow  cooling  of  the  fused 
mass,  it  may  be  made  to  assume  a  regular  crystallized  form. 

Its  chemical  properties  are  the  following  : 

I.  Silver  is  difficultly  oxydized  by  the  concurrence  of  heat  and 

*  See  his  Memoir  on  some  of  the  Combinations  of  Platina,  Phil.  Mag.  vol.  40. 
f  See  Darcet  on  the  Alloys  of  Platina  with  Silver.     89  Ann.  de  Ch.  135. 
t  Nicholson's  Journal,  xxii.  148. 
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air.     The  tarnishing  o/  si'ver  is  owing  not  to  its  oxidation  merely, 
but  to  its  union  with  sulphur,  as  Proust  has  satisfactorily  shown. 

By  transmitting  a  galvanic  or  electric  discharge  through  silver 
wire,  it  is  oxydized  ;  and  by  long  exposure  of  silver  10  h.  u,  with 
free  access  ot  air,  it  is  at  length  converted  into  an  oiive-coloured 
glass.  The  oxide  of  silver  may,  also,  be  obtained  by  decomposing 
nitrate  of  silver  with  solution  of  barytes;  and,  after  washing  he 
precipitate  sufficiently,  heating  it  to  dull  redness.  It  has  an  olive 
colour,  and  is  composed,  according  to  Sir  H.  Davy,  ot  100  parts  of 
silver  united  with  7.3  oxygen,  or,  according  to  Dr.  Wollaston,  7.4. 
A  larger  proportion  of  oxygen  is  assigned  by  Berzelius,  viz. 

Silver    ....     92.67         100 
Oxygen     ,     .     .       7.33  7.925 

100.  107.925 

No  other  oxide  of  silver  has  been  ascertained  to  exist. 

II.  Silver  is  acted  on  by  sulphuric  acid,  which,  when  assisted  by 
heat,  oxydizes  and  partly  dissolves  it.  The  sulphate  of  silver,  how- 
ever, which  is  very  useful  as  a  test,  is  better  prepared  by  dissolv- 
ing in  sulphuric  acid  the  carbonate  of  silver,  precipitated  from  the 
nitrate  by  carbonate  of  soda.  It  forms  small  brilliant  and  nee- 
dle-shaped crystals,  which  require  for  solution  a  large  quantity  of 
water. 

III.  Nitric  acid  diluted  with  from  two  to  four  parts  of  water  dis- 
solves silver  with  a  disengagement  of  nitrous  gas.  If  the  silver  be 
pure,  the  solution  is  colourless,  otherwise  it  has  a  green  hue.*  Ac- 
cording to  Proust,  nitrate  of  silver  already  saturated,  if  boiled  with 
powdered  silver,  dissolves  an  additional  quantity;  and  a  solution  is 
obtained,  in  which  the  silver  is  oxydized  at  a  minimum.  The  sub- 
nitrate,  he  observes,  possesses  different  properties  from  the  com- 
mon one.t 

IV.  Muriatic  acid  does  not  act  on  silver;  yet  this  acid  takes 
oxide  of  silver  from  others.  Thus  when  muriatic  acid  is  added  to 
nitrate  of  silver,  a  white  curdy  precipitate  falls  down  in  great  abun- 
dance. This  precipitate  is  decomposed  by  light;  for,  when  expos- 
ed to  the  direct  rays  of  the  sun,  its  colour  becomes  gradually  darker. 
(See  chap.  iv.  part,  v.)  If  fused  by  a  gentle  heat,  it  forms  a  semi- 
transparent  mass  of  the  consistence  of  horn,  called  luna  cornea,  or 
horn  silver. 

The  composition  of  muriate  of  silver  has  been  variously  stated. 
According  to  Gay  Lussac  100  grains  of  silver  combine  with  7.60 
oxygen  and  25.71  acid.  Other  chemists  have  given  different  pro- 
portions, as  appears  from  the  following  Table. 

*  In  dissolving  several  metals  in  nitric  acid,  the  solution,  during  its  progress, 
often  assumes  a  'greenish  tint ;  tills  arises  from  the  absorption  of  the  nitrous  gas 
disengaged  ;  it  is  however  finally  expelled,  and  the  solution  remains  colourless. 
The  same  effect  is  perceived  in  the  action  of  nitric  acid  on  alcohol.    C. 
!    "holson's  Journal,  xv   376. 
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Acid.  Base. 

100  parts,  according  to  Kirwan 1654 83.46 

Chcnevix  ....    17         83 

Zabbada    ....   17.7     82.3 

Proust 18        82 

' Dr.  Marcet     .  .   19.05 80.95 

Ga>  Lussac    .   .    19.28 80.72 

Berthollet    .  .  .    17.5     82.5 

Berzdius      .  .  .    19.035     ....   80.965 

These  differences  may,  perhaps,  in  part  but  not  entirely,  Ijc  ac- 
counted for,  by  the  different  states  of  dryness  of  the  muriate  of 
silver.  A  hundred  grains,  I  have  found,  after  being  dried  during 
twenty-four  hours,  at  a  temperature  between  212°  and  300°  Fah- 
renheit, lose  barely  a  grain  by  fusion.  On  the  whole,  I  should  be 
disposed  to  consider  the  determinations  of  Dr.  Marcet  and  Gay 
Lussac  as  most  entitled  to  confidence. 

Muiiaie  of  silver  is  decomposed  by  fusion  with  desiccated  car- 
bonate of  soda.  Mix  one  part  o^  the  former  with  three  of  the 
latter  salt,  and  let  the  mixture  be  fused  in  a  crucible.  When  cold, 
the  silver  will  be  found  reduced  at  the  bottom  of  the  crucible; 
break  the  mass,  and  separate  the  metal.  From  100  grains  of  the 
muriate,  barely  75  of  pure  silver  are  obtained.  This  is  one  of  the 
best  modes  of  procuring  silver  in  a  staie  of  purity. 

V.  Sdver  combines  with  chlorine,  when  heated  in  that  gas,  and 
a  compound  results,  which,  in  every  respect,  agrees  with  muriate 
of  silver.  According  to  the  new  theory  of  chlorine,  it  is,  in  fact, 
a  compound  of  that  body  and  metallic  silver;  and  it  has,  therefore, 
been  called  by  Sir  H.  Davy,  argentane,  and  by  Gay  Lussac  chlorure 
of  silver.  The  former  makes  the  chlorine  in  this  compound  amount 
to  24.5  per  cent,  and  100  grains  should  therefore  consist  of 

Silver     ...     75.5     ...      100 
Chlorine      .     .     24.5     .     .     .       32.5 

1(0.  1325 

According  to  Dr.  Marcet's  analysis,  100  grains  should  contain 
75  of  silver,  for  this  is  the  quantity  of  metal  in  80.95  grains  of  the 
oxide,  taking  the  oxygen  at  7.3  to  100  of  silver.  If  this  be  admit- 
ted, 100  of  silver  will  then  be  saturated  by  very  nearly  33.5  of 
chlorine  It  must  be  obvious,  that,  in  order  to  convert  the  old 
statement  of  the  composition  of  horn  silver  into  the  new  one,  it  is 
only  necessary,  to  suppose  the  oxygen  taken  from  the  oxide,  and 
added  to  the  muriatic  acid,  which  gives  the  quantity  of  chlorine. 

VI.  A  solution  of  nitrate  of  silver  stains  animal  substances  a 
deep  black.  Hence  it  has  been  applied  to  the  staining  of  human 
hair;  but,  when  thus  employed,  it  should  be  very  much  diluted, 
and  used  with  extreme  caution,  on  account  of  its  corrosive  quality.* 

*  I  have  several  times  tried  to  colour  hair  by  means  of  nilrat  of  silver,  of 
various  strength  ;  but  from  some  cause  which  1  cannot  explain,  I  have  never 
succeeded.  The  fact  is  so  constantly  mentioned  by  writers,  that  I  have  no  rea- 
son to  doubt  it ;  I  should  however  be  glad  to  learn  on  what  its  success  de» 
pends.    C.jy 
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White  paper,  or  white  leather,  when  stained  with  a  solution  of 
nit. ale  of  silver,  in  the  proportion  of  ten  parts  of  water  to  one  of 
the  salt,  undergoes  no  change  in  the  dark ;  but  when  exposed  to 
the  Light  of  clay,  it  gradually  acquires  colour,  and  passes  through 
a  succession  ot  changes  to  black.  The  common  sun-beams,  pass- 
ing through  red  glass,  have  very  little  effect  upon  it;  yellow  and 
given  are  more  efficacious  ;  but  blue  and  violet  produce  the  most 
decidedly  powerful  effects  Hence  this  property  furnishes  a  me- 
thoc  ol  copying  paintings  on  glass,  and  transferring  them  to 
leather  or  p  .per.  The  process  is  described  by  Mr.  T.  Wedgwood, 
in  Nicholson's  Journal,  8vo.  iii.  167. 

By  a  similar  process,  ivory  may  be  covered  with  silver.  Let  a 
slip  of  ivory  be  immersed  in  a  dilute  solution  of  pure  nitrate  of 
silver,  till  the  ivory  has  acquired  a  bright  yellow  colour.  Then  re- 
move it  into  a  tumbler  filled  with  distilled  water,  and  expose  it  to 
the  direct  light  of  the  sun.  After  two  or  three  hours  exposure,  it 
will  have  become  black  ;  but  on  rubbing  it  a  little,  the  surface  will 
be  changed  into  a  bright  metallic  one,  resembling  a  slip  of  pure 
silver.  As  the  solution  penetrates  deep  into  the  ivory,  the  bright 
surface  when  worn  away,  is  replaced  by  a  succession  of  others. 

VII.  The  solution  of  nitrate  of  silver,  when  evaporated,  forms 
regular  crystals.  These  crystals  fuse  when  heated  ;  and  being 
poured,  in  this  state,  into  moulds,  form  the  common  lunar  caustic. 
Fused  nitrate  of  silver,  according  to  Proust,  is  composed  of 

Silver     .     .     .     .     64  ~)  _0 

Oxygen       ...       6  5 

Nitric  acid 30 

100 

This  statement,  however,  cannot  be  correct,  as  it  assigns  too 
large  a  proportion  of  oxygen  to  the  oxide,  viz.  8.6  to  100  grains  of 
silver. 

VIII.  Nitrafe  of  silver  is  decomposed  by  other  metals.  Thus 
the  surface  of  a  plate  of  copper,  to  which  the  solution  is  applied, 
becomes  plated  over  with  silver.  The  first  part  of  the  deposit,. 
Gay  Lussac  finds,  is  perfectly  pure  silver.  The  latter  portions 
contain  an  admixture  of  copper,  which  may  be  removed  by  afresh 
solution  of  nitrate  of  silver  If  a  little  mercury  be  poured  into  a 
bottle  filled  with  the  solution  of  nitrate  of  silver,  and  the  bottle  be 
left  some  time  undisturbed,  the  silver  is  precipitated  in  a  beautiful 
form,  resembling  the  branches  of  a  tree,  which  has  been  termed 
Arbor  Diana.  The  most  successful  process  for  obtaining  this  ap- 
pearance, Baume  assures  us.  is  the  following  :  Mix  together  six 
parts  of  a  solution  of  silver  in  nitric  acid,  and  four  of  a  solution  of 
mercury  in  the  same  acid,  both  completely  saturated.  Add  a 
small  quantity  of  distilled  water;  and  put  the  mixture  into  a  coni- 
cal glass,  containing  six  parts  of  an  amalgam,  made  with  seven  parts 
of  mercury  and  one  of  silver.  At  the  end  of  some  hours,  there  ap- 
pears on  the  surface  of  the  amalgam  a  precipitate  in  the  form  of 
a  vegetation.    According  to  Proust,  however,   this  complicated 
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process  is  quite  unnecessary ;  and  all  that  is  required  is  to  throw 
mercury  into  nitrate  of  silver  very  much  diluted.  A. beautiful  ar- 
borization of  reduced  silver,  he  observes,  will  be  produced  without 
difficulty. 

IX.  The  solution  of  silver  is  decomposed  by  charcoal,  and  by 
hydrogen  gas  and  its  compounds.  This  may  be  shown  by  experi- 
ments precisely  similar  to  those  already  directed  to  be  made  with 
muriate  of  gold.  A  stick  of  clean  phosphorus,  also,  immersed  in 
a  dilute  solution  of  nitrate  of  silver,  in  the  course  of  a  few  days 
becomes  beautifully  gilt.* 

X.  Precipitate  nitrate  of  silver  by  lime-water,  and  thoroughly 
edulcorate  and  dry  the  precipitate.  Let  this  be  afterward  put  into 
a  vessel  of  the  purest  liquid  ammonia.  It  will  then  assume  the 
form  of  a  black  powder,  from  which  the  fluid  is  to  be  decanted, 
and  the  black  substance  left  to  dry  in  the  air.  This  is  the  cele- 
brated compound  termed  fulminating  silver,  which  detonates  with 
the  gentlest  lueat,  and  even  with  the  slightest  friction.  When 
once  prepared,  no  attempt  must  be  made  to  enclose  it  in  a  bottle, 
and  it  must  be  left  undisturbed  in  the  vessel  in  which  it  was  dried. 
Great  caution  is  necessary  in  the  preparation  of  this  substance,  and 
in  making  experiments  on  it.  It  even  explodes,  when  moist,  on 
the  gentlest  friction. 

XI.  A  new  detonating  compound  of  silver,  formed  by  a  process 
similar  to  that  employed  in  making  the  fulminating  mercury  of 
Mr.  Howard,  has  lately  been  described  by  Descotils.t  It  is  pre- 
pared by  adding  alcohol,  to  a  heated  solution  of  silver  in  nitric 
acid,  while  the  solution  is  yet  going  on.  Considerable  efferves- 
cence arises;  the  liquor  presently  becomes  turbid;  and  a  heavy, 
white,  crystalline  powder  falls  down.  This,  when  washed  and 
dried,  is  the  detonating  silver.  Heat,  a  slight  blow,  or  long  con- 
tinued friction,  causes  it  to  inflame  with  a  brisk  detonation.  Pres- 
sure alone  is  not  sufficient,  unless  very  powerful.  It  detonates  by 
the  electric  spark,  and  is  set  on  fire  with  an  explosion  by  concen- 
trated sulphuric  acid.  Both  in  the  preparation  of  this  substance, 
and  in  experiments  on  its  detonation,  much  caution  is  necessary ; 
and  only  very  small  quantities  should  be  employed.  This  prepa- 
ration was  originally  discovered  by  Mr.  E.  Howard.  In  repeating 
his  process,  Mr.  Ouickshank  dissolved  40  grains  of  silver  in  two 
ounces  of  strong  nitric  acid,  diluted  with  an  equal  weight  of  water. 
Then  by  heating  the  solution  with  two  ounces  of  alcohol,  he  ob- 
tained 60  grains  of  a  white  powder,  which  detonated  violently. 

XII.  A  very  useful  solvent  of  silver  has  been  discovered  by  Mr. 
Keir  of  Birmingham.  It  is  formed  by  dissolving  one  part  of  nitre 
in  about  eight  or  ten  parts  by  weight  of  concentrated  sulphuric 
acid.  This  compound,  (which  may  be  called  nitro  sulfikuric  acid,) 
when  heated  to  between  100°  and  200°  Fahrenheit,  dissolves  one 
fifth  or  one  sixth  its  weight  of  silver,  with  an  extrication  of  nitrous 
gas ;  and  leaves,  untouched,  any  copper,  gold,  lead,  or  iron,  with 

w 
*  See  Count  Rumford's  papers,  Philosophical  Transactions,  1798 
.f  Nicholas's  Journal,  xviii.  140. 


SECT.  IV.  MERCURY. 


375 


which  the  silver  may  be  combined.  Hence  it  is  a  most  useful 
tgent  in  extracting  silver  from  old  plated  goods.  The  silver  may 
be  recovered  from  the  solution  by  adding  muriate  of  soda,  which 
forms  muriate  of  silver ;  and  this  may  be  decomposed  by  carbo- 
nate of  soda,  in  the  way  which  has  already  been  described. 

XIII.  Silver  is  acted  on  by  sulphurcts  of  alkalis,  and  by  sulphu- 
retted hydrogen  gas.  Both  these  substances  blacken  silver  when 
exposed  to  their  operation  ;  and  the  common  tarnishing  of  silver 
by  the  atmosphere  has  been  traced  to  a  similar  cause.  Sulphuret 
of  silver  has  ueen  analyzed  by  Berzelius,  and  found  to  consist  of 

Silver 87.032  ....   ICO. 

Sulphur    ....    12.968  ....     14.9 


100.  114.9 


XIV.  Silver  is  capable  of  being  united  with  most  other  metals. 
When  alloyed  with  copper,  in  the  proportion  of  one  part  to  twelve, 
it  constitutes  the  standard  silver  of  Great  Britain.  This  combina- 
tion, though  its  colour  differs  but  little  from  that  of  pure  silver,  is 
much  harder,  and  better  adapted  for  the  purpose  of  coin,  and  of  do- 
mestic implements. 


SECTION  IV. 

Mercury. 

I.  Mercury,  or  quicksilver,  is  the  only  one  of  the  metals  that 
Jetains  a  fluid  form  at  the  ordinary  temperature  of  the  atmosphere. 

II.  When  its  temperature  is  reduced  to  about  39°  or  40°  below 
zero  of  Fahrenheit,  it  assumes  a  solid  form.  This  is  a  degree  of 
cold,  however,  that  occurs  only  in  high  northern  latitudes :  and  in 
this  country  quicksilver  can  only  be  exhibited  in  a  solid  siate  by 
means  of  artificial  mixtures.  By  congelation  it  acquires  an  in- 
crease of  its  specific  gravity  ;  and,  therefore,  unlike  other  metals, 
the  congealed  portion  sinks  to  the  bottom  of  a  fluid  mass  of  mer- 
cury. Its  specific  gravity,  at  47°  above  0  of  Fahrenheit,  being 
13.545,  it  was  found  increased  by  congelation,  in  an  experiment  of 
Mr.  Biddle,to  15.612,  or  about  one  seventh 

III.  At  about  660a  of  Fahrenheit  (656°  according  to  Creighton) 
mercury  boils,  and  is  changed  into  vapour.  Hence  it  may  be  dri- 
ven over  by  distillation,  and  may  thus  be  purified,  though  not  accu- 
rately, from  the  admixture  of  other  metals.  When  its  temperature 
is  considerably  increased  above  this  point,  the  vapour  acquires 
great  expansive  force,  and  the  power  of  bursting  the  strongest 
vessels. 

IV.  Mercury  is  not  oxydized,  when  pure,  at  the  ordinary  tem- 
perature of  the  atmosphere  ;  but  preserves  the  lustre  of  its  sur- 
face unchanged  for  a  considerable   time.     There  are  several  me- 
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thods,  however,  by  which  it  may  be  brought  to  combine  with 
oxygen. 

(a)  Mercury  is  oxydized  by  long  continued  agitation  in  a  bottle 
hall  filled  with  atmospherical  air,  and  is  converted  into  a  black 
powder,  to  which  Boerhaave  gave  the  name  of  ethiofis  per  se. 
When  this  oxide  (which  may  be  obtained,  with  less  trouble,  by  de- 
composing calomel  with  solution  of  potash)  is  distilled  in  a  glass 
retort,  oxygen  gas  is  evolved  ;  or  if  a  moderate  heat  he  long  conti- 
nued, it  acquires  a  reddish  colour,  and  a  stdl  farther  dose  of  oxy- 
gen. The  black  oxide  consists,  according  to  Fourcroy  and  The- 
nard,  ol    100  parts  of  metal  united  with  4  of  oxygen. 

(/>)  Another  oxide  of  mercur  is  obtained  by  exposing  the  fluid 
metal,  for  several  days,  to  nearly  its  boiling  temperature,  in  a  flat 
giass  vessel,  into  which  air  is  freely  admitted.  After  a  sufficient 
length  of  time,  small  flaky  crystals  form  on  its  surface,  of  a  brown- 
ish red,  or  flea  colour.  This  red  oxide  was  formerly  called  flrcci- 
filiate  perse.  When  distilled  alone  in  a  glass  retort,  it  yields  oxy- 
gen gas,  and  returns  to  a  metallic  state.  It  is  composed,  according 
to  Fourcroy  and  Thenard,  of  100  metal  and  8  of  oxygen.  Sir  H. 
Davy,  also,  finds  its  oxygen  to  be  exactly  double  that  of  the  pro- 
toxide, which  is  composed  of  190  mercury  and  7.5  oxygen,  while 
the  peroxide  consists  of  190  metal  and  15  oxygen.  Hence  the  pro- 
toxide is  composed  of 

Mercury 96.22  ....   100. 

Oxygen 3 .78  ....        3.947 


100.  103.947 


And  the  peroxide  of 


Mercury 92.69  ....    100. 

Oxygen 7.31  ....       7.894 


100.  107.894 

It  will  be  sufficiently  near  the  truth,  if  we  admit,  with  Dr.  Wol- 
laston,  the  black  oxide  to  consist  of  100  metal,  united  with  4  of 
oxygen,  and  the  red  of  100  mercury  -f  8  oxygen. 

V.  Mercury  is  dissolved  by  hot  and  concentrated  sulphuric  acid. 
Two  parts  of  sulphuric  acid  and  one  of  mercury  are  the  propor- 
tions generally  used ;  and  as  strong  sulphuric  acid  acts  but  little 
on  iron,  the  combination  may  be  made  in  an  iron  vessel.  Part  of 
the  redundant  acid  may  be  expelled  by  heat;  but  still  the  salt  re- 
tains a  considerable  excess  of  acid,  and  may  be  called  super-sul- 
phate of  mercury.  It  is  very  difficult  of  solution,  requiring  155 
parts  of  cold  or  33  of  boiling  water.  By  repeated  washings  with 
cold  water,  the  whole  excess  of  acid  may  be  removed,  and  the  salt 
is  rendered  much  more  insoluble. 

When  the  super-sulphate  is  heated  for  some  time,  at  a  tempera- 
ture excelling  that  of  boiling  water,  it  loses  still  more  acid,  and  is 
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changed  into  a  hard  grey  mass.  When  this  is  removed  from  the 
fire,  and  boiling  water  poured  upon  it,  a  lemon  yellow-coloured 
powder  is  formed  called  Turbiih  Mineral.  This  substance  requires 
for  solution  2ouo  times  its  weight  ol  water.  One  Hundred  parts 
consist  of  10  sulphuric  acid,  76  mercury,  1 1  oxygen,  and  3  water. 

VI.  The  nitric  acid  dissolves  mercury,  both  with  and  without  the 
assistance  of  heat.  At  the  common  temperature,  but  little  nitrous 
gas  is  evolved  by  the  action  of  mercury  on  nitric  acid;  and  the 
acid  becomes  slowly  saturated.  The  solution  is  very  ponderous 
and  colourless  ;  and  yields,  by  evaporation,  large  transparent  crys- 
tals. The  solution  does  not  become  milky  when  mingled  with  wa- 
ter. Pure  fixed  alkalis  give  a  yellowish  white  precipitate  ;  and  am- 
monia a  greyish  black  one. 

But  if  heat  be  used,  a  brisk  effervescence  arises,  occasioned  by 
the  escape  of  nitrous  gas,  and  a  solution  is  obtained,  in  which  the 
metal  is  more  highly  oxidated,  and  the  acid  is  in  less  proportion. 
When  this  solution  is  poured  into  cold  water,  a  yellowish  white  se- 
diment is  formed  ;  or,  if  into  boiling  water,  an  orange  coloured  one. 
Both  precipitates  consist  of  nitric  acid,  with  a  great  excess  of  ox- 
ide, forming  an  insoluble  sub-nitrate  of  mercury. 

If  the  last-mentioned  solution  be  boiled  with  a  fresh  quantity  of 
mercury,  the  newly  added  metal  is  taken  up,  without  any  discharge 
of  nitrous  gas,  the  metal  becoming  oxidized  at  the  expense  of  that 
already  dissolved. 

When  the  nitrate  of  mercury  is  exposed  to  a  heat  gradually 
raised  to  600°  or  upwards,  it  is  deprived  of  water  and  most  of  its 
acid,  and  reduced  to  an  oxide,  which  has  the  form  of  brilliant  red 
scales.  This  substance,  commonly  called  red  precipitate,  is  termed 
more  properly  the  nitrous  oxide  of  mercury, 

VII.  Mercury  is  the  basis  of  a  new  fulminating  compound  disco- 
vered by  Mr.  E.  Howard.  To  prepare  this  powder,  100  grains  (or 
a  greater  proportional  quantity  not  exceeding  500)  are  to  be  dis- 
solved, with  heat,  in  a  measured  ounce  and  half  of  nitric  acid.  The 
solution  being  poured  cold  upon  two  measured  ounces  of  alcohol, 
previously  introduced  into  any  convenient  glass  vessel,  a  moderate 
heat  is  to  be  applied  till  effervescence  is  excited.  A  white  fume 
then  begins  to  undulate  on  the  surface  of  the  liquor,  and  the  pow- 
der will  be  gradually  precipitated  on  the  cessation  of  action  and  re- 
action. The  precipitate  is  to  be  immediately  collected  on  a  filter, 
well  washed  with  distilled  water,  and  cautiously  dried  in  a  heat  not 
exceeding  that  of  a  water-bath.  The  immediate  washing  of  the 
powder  is  material,  because  it  is  liable  to  the  re-action  of  the  nitric 
acid;  and  while  any  of  that  acid  adheres  to  it,  it  is  very  subject  to 
be  decomposed  by  the  action  of  light.  From  100  grains  of  mer- 
cury, about  120  or  130  of  the  powder  are  obtained.*  This  powder 
has  the  property  of  detonating  loudly  in  a  gentle  heat,  or  by  light 
friction. 

VIII.  Mc  rcury  is  not  dissolved  by  muriatic  acid,  but  may  be 
brought  into  union  with  this  acid  by  double  elective  affinity.     Thus 

*  See  Philosophical  Transactions,  1800,  page  214. 
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when  sulphate  of  mercury  and  muriate  of  soda,  both  well  dried,  are 
mixed  and  exposed  to  heat,  a  combination  of  oxide  of  mercury  and 
muriatic  acid  is  obtained  by  sublimation.  This  compound  is  the 
corrosive  sublimate  of  the  shops.  The  same  components,  with  a 
still  farther  addition  of  mercury,  constitute  an  insoluble  substance 
calh.d  calomel. 

Tue  corrosive  muriate  requires  16  or  20  times  its  weight  of  wa- 
ter for  solution;  but  is  soluble  in  about  l|th  its  weight  of  alcohol. 
Its  solution  in  water  is  decomposed  by  all  the  fixed  alkalis  and 
alkaline  salts,  which  throw  down  at  first  an  orange,  and  afterwards 
a  brick  red  precipitate. 

Calomel,  or  the  sub-muriate,  is  formed  by  grinding  the  muriate 
with  about  half  its  weight  of  metallic  quicksilver,  and  then  repeat- 
edly subliming  the  mixture.  As  the  new  compound  is  nearly  inso- 
luble, it  may  be  freed  from  any  remains  of  the  corrosive  muriate  by 
repeatedly  washing  with  water.  Fourcroy  and  Thenard  have  given 
the  following  comparative  view  of  the  composition  of  corrosive 
sublimate  and  calomel. 

100.      mercury. 
Calomel     .     .  4.16  oxygen. 


r 


13.9V  acid. 


100.      mercury. 
Corrosive  Muriate     1        8.21  oxygen. 


{ 


27.39  acid. 


Mercury  unites  with  chlorine,  and,  if  heated  in  the  gas,  burns 
with  a  pale  red  flame.  The  product  is  identical  with  corrosive 
sublimate,  which,  according  to  Sir  H.  Davy,  is  a  compound,  not  of 

'Uiiatic  acid  and  oxide  of  mercury,  but  of  chlorine  and  that  metal. 

vecording  to  his  experiments,  calomel  cpnsists  of  190  mercury,  and 
33.5  chlorine,  or  of 

Mercury 85  100. 

Chlorine 15  17.6 


100. 

And  corrosive  sublimate  is  composed  of 

Mercury 74  lou. 

Chlorine     .  ....     26  35.2 

100. 

IX.  The  oxides  of  mercury  are  all  reduced  by  heat  alone, 
without  the  addition  of  any  combustible  substance,  and  afford  oxy- 
gen gas. 

X.  Mercury  dissolves  gold,  silver,  tin,  and  many  other  metals; 
and  if  these  be  combined  with  it  in  sufficient  quantity,  the  mercury 
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loses  it  fluidity,  and  forms  an  amalgam.  A  solid  amalgam  of  lead, 
and  another  of  bismuth,  on  admixture  together,  have  the  singular 
property  of  instantly  becoming  fluid.  The  extraordinary  powers 
of  the  base  of  ammonia  in  amalgamating  with  mercury,  have  already 
been  described  in  speaking  of  that  alkali. 

By  combination  with  mercury,  metals  that  are  not  easily  oxydized, 
acquire  a  facility  of  entering  into  union  with  oxygen.  Thus  gold 
and  silver,  when  combined  with  mercury,  are  oxydized  by  agita- 
tion in  contact  with  air.  This  fact  furnishes  a  striking  illustration 
of  the  e fleet  of  overcoming  the  aggregative  affinity  of  bodies,  in 
promoting  chemical  union. 

XI.  By  combination  with  sulphur,  mercury  affords  two  distinct 
compounds.  By  long  continued  trituration,  these  two  bodies  unite, 
and  form  a  black  sulphuret.  When  united  together  by  fusion,  and 
afterwards  sublimed,  they  constitute  a  red  sulphuret  called  cinna- 
bar,'which,  when  powdered,  affords  the  common  pigment  vermi- 
lion. The  process  used  by  the  Dutch,  who  have  long  been  cele- 
brated for  the  preparation  of  cinnabar,  is  described  in  the  4th  volume 
of  the  Annales  de  Chimie,  or  in  Aikin's  Dictionary,  vol.  ii.  This 
compound  also  may  be  obtained  by  mixing  concentrated  solutions 
of  muriate  of  mercury  and  hydro-sulphuret  of  ammonia.  A  brown- 
ish muddy  precipitate  is  obtained,  which,  when  left  undisturbed, 
turns  yellow  in  three  or  four  days,  then  orange,  and  finally  acquires 
a  beautiful  cinnabar  coiour.* 

The  exact  composition  of  these  sulphurets  has  not  yet  been  de- 
termined. But  if  mercury,  like  other  metals,  take  twice  the  quan- 
tity of  sulphur  which  it  absorbs  of  oxygen,  the  proportion  of  their 
ingredients  will  be  found  by  doubling  the  oxygen  of  the  oxides,  and 
they  will  be  composed  as  follows  : 


Mercuvv. 

Sulphur 

Subsulphuret    . 

.    .    loo' 

7.894. 

Sulphuret 

.      .      100 

1.1.788. 

SECTION  V. 

Rhodium  and   Palladium. 

The  discovery  of  these  two  metals  was  made  by  Dr.  Wol- 
laston,  who  separated  them  from  the  ore  of  platina,  by  the  following 
process. 

I.  Rhodium.  When  a  solution  of  the  ore  of  platina  in  nitro- 
muriatic  acid  has  been  precipitated,  as  far  as  possible,  by  muriate 
of  ammonia  (sec  sect.  S.)  it  still  retains  a  considerable  degree  of 
colour,  varying  with  the  strength  and  propor.ion  of  the  acids  that 
have  been  employed  in  effecting  the  solution.     Beside   iron,  and  a 
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portion  of  the  ammonia-muriate  of  platina,  it  contains,  also,  other 
metals  in  very  small  proportion. 

1.  Let  a  cylinder,  or  ihin  plate  of  zinc,  or  iron,  be  immersed  in 
the  solution.  It  will  separate  all  the  metals  that  are  present  in  the 
state  of  a  black  powder.  Wash  the  precipitate  (without  drying  it) 
with  very  dilute  nitric  acid,  assisted  by  a  gentle  heat,  which  will 
dissolve  the  copper  and  lead.  Digest  the  remainder  in  dilute  nitro- 
muriatic  acid;  and  to  the  solution,  when  completed,  add  a  portion 
of  muriate  of  soda,  equivalent  in  weight  to  about  one  fiftieth  the 
ore  of  platina  employed.  Evaporate  by  a  gentle  heat.  The  dry 
mass  contains  the  soda-muriates  of  platina,  palladium  and  rhodium  ; 
the  two  former  of  which  may  be  separated  by  alcohol,  and  the  salt 
of  rhodium  wid  remain.  From  its  solution  the  rhodium  may  be 
precipitated  by  zinc,  which  throws  down  a  black  powder,  amount- 
ing, in  weight,  to  four  grains  from  4000  of  the  ore. 

2.  When  exposed  to  heat,  the  powder  continues  black ;  with 
borax  it  acquires  a  white  metallic  lustre,  but  appears  infusible  by 
any  degree  of  heat.  It  is  rendered  fusible,  however,  by  arsenic, 
and  also  by  sulphur;  both  of  which  may  be  expelled  by  a 
continued  heat ;  but  the  metallic  button,  thus  obtained,  is  not 
malleable. 

3.  The  specific  gravity  of  rhodium,  as  near  as  it  could  be  taken, 
was  1 1. 

4.  Rhodium  unites  readily  with  all  the  metals  that  have  been  tried, 
excepting  mercury.  It  does  not  discolour  gold,  when  alloyed 
with  it. 

5.  When  an  alloy  of  silver  or  gold  with  rhodium  is  digested  in 
nitric  or  nit.ro-muriatic  acid,  the  rhodium  remains  untouched ;  but 
when  alloyed  with  three  times  its  weight  of  bismuth,  copper,  or 
lead,  each  of  these  alloys  may  be  dissolved  completely,  in  a  mix- 
ture, by  measure,  of  two  parts  muriatic  acid  with  one  of  nitric.  The 
lead  appears  preferable,  as  it  is  reduced,  by  evaporation,  to  an  in- 
soluble muriate.  The  muriate  of  rhodium  then  exhibits  tlie  rose 
colour,  from  which  the  name  of  the  metal  has  been  derived.  It  is 
soluble  in  alcohol. 

6.  Rhodium  is  not  precipitated  from  its  solution  by  prussiate  of 
potash,  nor  by  muriate  of  ammonia,  nor  by  hydro-sulphuret  of  am- 
monia. The  carbonated  alkalis  produce  no  change  ;  but  the  pure 
alkalis  precipitate  a  yellow  oxide,  soluble  in  all  acids  that  have 
been  tried. 

Berzelius  has  ascertained  the  existence  of  three  oxides  of  this 
metal,  composed  as  follows  : 


Metal. 

Oxygen. 

Protoxide     . 

.      100 

+ 

6.71 

Deutoxide   . 

.      100 

-f 

13.42 

Peroxide 

.      100 

+ 

20.13 

II.  Palladium.  1.  The  alcoholic  solution  (I.  1.)  contains  the  so- 
da-muriates of  palladium  and  platina.  The  latter  metal  may  be 
precipitated  by  muriate  of  ammonia ;  and  from   the  remaining  li- 
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quid  palladium  may  be  obtained,  by  the  addition  of  prussiate  of 
potash,  which  occasions  a  sediment,  at  first  of  a  deep  orange  colour, 
and  changing  afterwards  to  a  dirty  bottle-green,  owing,  probably,  to 
the  presence  of  iron.  The  precipitate  is  to  be  ignited,  and  purified 
from  iron,  by  cupellation  with  borax. 

2.  A  more  simple  method  of  obtaining  palladium  has  since  been 
announced  by  its  discoverer.*  To  a  solution  of  the  ore  of  platina 
in  nitro-muriatic  acid,  neutralized  by  evaporating  the  redundant 
acid,  or  by  adding  an  alkali,  and  either  before  or  after  the  separation 
of  the  platina  by  muriate  of  ammonia,  let  prussiate  of  mercury  be 
added.  In  a  short  time  the  liquid  becomes  yellow,  and  a  flocculent 
precipitate  is  gradually  formed  of  a  pale  yellowish  white  colour, 
which  is  the  prussiate  of  palladium.  This,  on  being  heated,  fields  the 
metal  in  a  pure  state,  in  the  proportion  of  four  tenths  or  five  tenths 
of  a  grain  from  every  hundred  grains  of  the  ore. 

3.  Vauquelin  has,  also,  proposed  a  method  of  separating  rhodium 
and  palladium  from  the  ore  of  platina.  His  process,  which  is 
less  simple  than  the  second  method  of  Dr.  Wollaston,  is  describ- 
ed at  length  in  the  4th  volume  of  Dr.  Thomson's  Annals  of  Philo- 
sophy. 

On  examining  some  ore  of  platina,  brought  from  the  gold  mines 
of  Brazil,  Dr  Wollaston  has  lately  discovered  in  it  small  fragments 
of  native  palladium,  which  appear  to  be  free  from  admixture  with 
every  other  metal,  except  a  very  minute  portion  of  iridium.  These 
fragments  differ  from  the  grains  of  platina,  in  being  formed  of 
fibres,  which  are  in  some  degree  divergent  from  one  extremity. 
This  external  character  Dr.  VVollaston  deems  sufficient  for  distin- 
guishing the  metal  in  situations,  where  recourse  cannot  be  had  to 
experiment.! 

Mr.  Cloud,  assay  master  of  the  American  mint,  has,  also,  discov- 
ered palladium  in  a  native  alloy  of  gold  with  that  metal.}  The  alloy 
contained  no  other  metal,  and  was  perfectly  free  from  its  common 
ingredients,  copper  and  silver. 

Those  who  may  wish  to  examine  palladium,  may  now  procure  it 
in  a  metallic  state  at  Messrs   Knights',  Fosterlane,  London. 

4.  The  following  are  the  properties  of  palladium  : 

(a)  Its  colour  resembles  that  of  platina,  except  that  it  is  of  a 
duller  white.  It  is  malleable  and  ductile.  Its  specific  gravity  va- 
ries from  10.972  to  11.482.  Its  power  of  conducting  caloric  is 
nearly  equal  to  that  of  platina,  which  it  rather  surpasses  in  expan- 
sion by  heat. 

{b)  Exposed  in  an  open  vessel,  to  a  greater  degree  of  heat  than 
is  required  to  melt  gold,  no  oxydizement  ensues  ;  and  no  degree  of 
fusion  takes  place.  On  increasing  the  fire  considerably,  a  melted 
button  is  obtained,  and  the  specific  gravity  is  increased  to  1  1.871. 
The  metal,  in  this  state,  has  a  greyish  white  colour.  Its  hardness 
exceeds  that  of  wrought  iron.  By  the  file  it  acquires  the  brilliancy 
of  platina ;  and  is  malleable  to  a  great  degree. 

*  Phil.  Mag.  xxii.  272,  or  Phil.  Trans.  1805. 

j-  Philosophical  Transactions,  1809.  *  74  Ann.  de  Chim.  99. 


382  METALS.  CHAP.  XIX. 

Berzelius  has  shown  that  100  parts  of  palladium  unite  with  14.209 
parts  of  oxygen.     Hence  the  oxide  consists  of 

Palladium      .       .     87.56 
Oxygen     .     .       .      12.44 


100. 


(c)  Palladium  readily  coi*jines  with  sulphur.  The  compound 
is  whiter  than  the  separate  metal,  and  is  very  brittle.  It  has 
been  investigated  by  Berzelius,  and  shown  to  be  composed  as 
follows  : 

Palladium     .     .     78.03     .     .    100. 
Sulphur         .     .     21.97     .      .      28.15 


100.  128.15 

(d)  It  unites  with  potash  by  fusion,  and  also  with  soda,  but  less 
remarkably.  Ammonia,  allowed  to  stand  over  it  for  some  days,  ac- 
quires a  bluish  tinge,  and  holds,  in  solution,  a  small  portion  of  ox- 
ide of  palladium. 

(e)  Sulphuric  acid,  boiled  with  palladium,  acquires  a  beautiful 
blue  colour,  and  dissolves  a  portion  of  the  metal.  The  action  of 
this  acid,  however,  is  not  powerful;  and  it  cannot  be  considered  as 
a  fit  solvent  for  palladium. 

(/)  Nitric  acid  acts  with  much  greater  violence  on  palladium. 
It  oxydizes  the  metal  with  somewhat  more  difficulty  than  silver; 
and,  by  dissolving  the  oxide,  forms  a  very  beautiful  red  solution. 
During  this  process  no  nitrous  gas  is  disengaged.  Nitrous  acid 
has  even  a  more  rapid  action  on  palladium.  From  these  solutions, 
potash  throws  down  an  orange  coloured  precipitate,  which  is  pro- 
bably a  hydrate. 

(§•)  Muriatic  acid,  by  being  boiled  on  palladium,  acts  upon  it, 
and  acquires  a  beautiful  red  colour. 

(A)  But  the  true  solvent  of  palladium  is  nitro-muriatic  acid,  which 
acts  upon  the  metal  with  great  violence,  and  yields  a  beautiful  red 
solution. 

(i)  From  all  these  acid  solutions  of  palladium,  a  precipitate  may 
be  produced  by  alkalis  and  earths.  These  precipitates  are  mostly 
of  a  fine  orange  colour  ;  are  partly  dissolved  by  some  of  the  alkalis; 
and  that  occasioned  by  ammonia,  when  thus  redissolved,  has  a 
greenish  blue  colour.  Sulphate,  nitrate,  and  muriate  of  potash, 
produce  an  orange  precipitate  in  the  salts  of  palladium,  as  in  those 
ofplatina;  but  the  precipitates  from  nitrate  of  palladium  have  ge- 
nerally a  deeper  shade  of  orange.  All  the  metals,  except  gold, 
platina,  and  silver,  cause  very  copious  precipitates  in  solutions  of 
palladium.  Recent  muriate  of  tin  produces  a  dark  orange  or  brown 
precipitate,  from  neutralized  salts  of  palladium,  and  is  a  very  deli- 
cate test  of  this  metal.  Green  sulphate  of  iron  precipitates  palla- 
dium in  a  metallic  state  ;  and,  if  the  experiment  succeeds,  the  pre- 
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cipitate  is  about  equal  in  weight  to  the  palladium  employed.  Prus- 
siate  of  potash  causes  an  olive-coloured  precipitate.  The  prussiatc 
of  palladium,  separated  by  a  neutral  solution  ofprussiate  ot  mercu- 
ry, has  the  properly,  when  heated  to  about  500°  of  Fahrenheit,  of 
detonating,  with  a  noise  similar  to  that  occasioned  by  firing  an  equal 
quantity  of  gunpowder.  Hydro-sulphurets,  and  water  impregnated 
with  sulphuretted  hydrogen  gas,  occasion  a  dark  brown  sediment 
from  solutions  of  palladium. 

(k)  Palladium  readily  combines  with  other  metals.  It  has  the 
property,  in  common  with  platina,  of  destroying  the  colour  of  gold, 
even  when  in  a  very  small  proportion.  Thus  one  part  of  plating 
or  palladium,  fused  with  six  of  gold,  reduces  the  colour  of  the  gold 
nearly  to  that  of  the  white  metal  employed. 

Dr.  Wollaston  has  furnished  an  alloy  of  gold  and  palladium  for 
the  graduation  of  the  magnificent  circular  instrument,  constructed 
by  Mr.  Troughton,  for  Greenwich  observatory.  It  has  the  appear- 
ance of  platina,  and  a  degree  of  hardness,  which  peculiarly  fits  it 
for  receiving  the  graduations. 


SECTION  VI. 

Iridium  and  Osmium. 

When  the  ore  of  platina  has  been  submitted  to  the  action  of  ni- 
tro-muriatic  acid,  a  part  remains  undissolved,  in  the  form  of  a  black 
powder,  resembling  plumbago.  In  this  substance,  Mr.  Tennant 
has  lately  discovered  two  new  metals.  The  process,  which  he 
employed  to  separate  them,  was  the  following : 

1.  1.  The  powder  was  fused  in  a  silver  crucible  with  pure  soda, 
and  the  alkali  then  washed  off  with  water.  It  had  acquired  a  deep 
orange  or  brownish  yellow  colour,  but  much  of  the  powder  was 
undissolved.  The  residue  was  digested  in  muriatic  acid,  and  a 
dark  blue  solution  obtained,  which  afterwards  became  of  a  dusky 
olive-green;  and  finally,  by  continuing  the  heat,  of  a  deep  red 
colour.  By  the  alternate  action  of  the  acid  and  alkali,  the  whole 
of  the  powder  appeared  capable  of  solution. 

2.  The  alkaline  solution  contained  the  oxide  of  a  volatile  metal 
not  yet  described ;  and  also  a  small  portion  of  another  metal. 
When  the  solution  was  kept  some  weeks,  the  latter  metal  sepa- 
rated spontaneously  in  thin  dark-coloured  flakes.  The  acid  solu- 
tion contained  both  metals  also;  but  principally  one,  which  is  not 
altered  by  muriate  of  tin  ;  is  precipitated  of  a  dark  brown  colour 
by  pure  alkali;  and  which  exhibits,  during  solution  in  muriatic 
acid,  a  striking  variety  of  colours,  arising  from  variations  in  its 
degree  of  oxidation.  From  this  property  Mr.  Tennant  terms  it 
iridium.  The  proportion  of  oxygen  in  its  oxide  still  remains  to 
be  determined. 

3.  In  order  to  obtain  muriate  of  iridium,  free  trom  the  other 
metals  the  acid  solution  (2)  was  evaporated,  and  an  imperfectly 
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crystallized  mass  obtained  ;  but  this,  dried  on  blotting-paper,  and 
again  dissolved  and  evaporated,  gave  distinct  octahedral  crystals. 
The  watery  solution  of  these  crystals  had  a  deep  red  colour,  in- 
clining to  orange.  With  infusion  of  galls  no  precipitation  ensued  ; 
but  the  colour  almost  instantly  disappeared.  Muriate  of  tin,  carbonate 
of  soda,  and  prussiate  of  potash,  had  the  same  effect.  Pure  ammo- 
nia precipitated  the  oxide,  but  retained  a  part,  and  acquired  a  pur- 
ple colotar.  All  the  metals,  except  gold  and  platina,  precipitated 
iridium  of  a  dark  colour  from  the  muriate,  which  had  lost  its 
colour. 

4.  Iridium  was  obtained  pure  by  heating  the  muriate,  which  ex- 
pelled both  the  acid  and  the  oxygen.  It  was  of  a  white  colour, 
and  perfectly  infusible.  It  did  not  combine  with  sulphur  or  ar- 
senic. Lead  united  with  it,  but  was  separated  by  cupcllation. 
Copper,  silver,  and  gold,  were  severally  found  to  combine  with  it, 
and  it  could  not  be  separated  from  the  two  latter  by  cupellation 
with  lead. — Its  other  properties  remain  to  be  examined. 

II.  1.  Osmium  was  procured  in  the  state  of  an  oxide,  by  sim- 
ply distilling  the  alkaline  solution,  obtained  as  already  described 
(I.  1.),  along  with  any  acid.  It  was  even  found  to  escape,  in  part, 
when  water  was  added  to  the  dry  alkaline  mass  remaining  in  the 
crucible  ;  and  was  manifested  by  a  pungent  and  peculiar  smell, 
somewhat  resembling  that  of  chlorine  gas,  from  which  property 
its  name  has  been  derived.  The  watery  solution  of  oxide  of  os- 
mium is  without  colour,  having  a  sweetish  taste,  and  the  strong 
smell  already  alluded  to.  Another  mode  of  obtaining,  still  more 
concentrated,  the  oxide  of  osmium,  is  by  distilling  the  original 
black  powder  with  nitre.  A  solution  of  oxide  of  osmium  in  wa- 
ter is  found  in  the  receiver,  of  such  strength  as  to  give  a  stain  to 
the  skin  that  cannot  be  effaced.  The  most  striking  test  of  tins 
oxide  is  an  infusion  of  galls,  which  presently  becomes  of  a  purple 
colour,  and  afterwards  changes  to  a  deep  vivid  blue.  With  pure 
ammonia,  the  solution  becomes  somewhat  yellow ;  and  slightly  s'> 
with  carbonate  of  soda.  With  alcohol,  or  still  more  quickly  with 
ether,  it  acquires  a  dark  colour,  and,  after  some  time,  separates  in 
the  form  of  black  films. 

M.  Laugier  having  observed  that  nitro-muriatic  acid,  which  has 
been  employed  to  dissolve  platina,  emits  a  strong  odour  of  osmium, 
distilled  the  liquor,  and  saturated  the  product  with  quicklime  ;  af- 
ter which,  by  again  distilling  the  liquid,  he  obtained  a  quantity  of 
osmium  sufficient  to  repay  the  trouble  of  the  process.* 

2.  The  oxide  of  osmium,  the  precise  composition  of  which  is 
unknown,  gives  up  its  oxygen  to  all  the  metals,  excepting  gold  and 
platina.  When  its  solution  in  water  is  shaken  with  mercury,  the 
solution  loses  its  smell ;  and  the  metal,  combining  with  the  mer- 
cury, forms  an  amalgam.  From  this,  much  of  the  redundant  mer- 
cury may  be  separated  by  squeezing:  it  through  leather,  which  re- 
tains the  amalgam  of  a  firmer  consistence.  The  mercurv  being 
distilled  off,  the  osmium  remains   in  its  metallic  form,  of  a  dark 

*  89  Ann.  de  Chim.  vol.  191. 
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grey  or  blue  colour.  By  exposure  to  heat,  with  access  of  air,  it 
evaporates  with  its  usual  smell ;  but,  if  oxydation  be  effectually 
prevented,  it  does  not  seem  in  any  degree  volatile.  Being  sub- 
jected to  a  strong  white  heat,  in  a  cavity  made  in  a  piece  oi  char- 
coal, it  is  not  melted,  nor  does  it  undergo  any  change.  With  gold 
and  silver  it  forms  malleable  alloys.  These  are  easily  dissolved  in 
nitro-muriatic  acid  ;  and  by  distillation  give  the  oxide  of  osmium 
with  i's  usual  properties. 

3.  The  pure  metallic  osmium,  which  had  been  previously  heat- 
ed, does  not  seem  to  be  acted  upon  by  acids ;  at  least  no  effect  is 
produced  by  boiling  it  some  time  in  nitro-muriatic  acid.  By  heat- 
ing it  in  a  silver  cup  with  alkali,  it  immediately  combines  with  the 
alkali,  and  this  compound  gives  with  water,  a  yellow  solution,  si- 
milar to  that  from  which  it  had  been  procured.  From  this  solu- 
tion, acids  expel  the  oxide  of  osmium,  having  its  usual  smell,  and 
possessing  the  property  of  changing  to  a  vivid  blue  the  infusion  of 
galls.  # 

Besides  the  black  powder  from  which  osmium  is  obtained,  Dr. 
Wollaston  has  discovered  a  separate  ore  of  these  two  metals,  mix- 
ed with  the  grains  of  crude  platina.  The  specific  gravity  of  this 
ore  is  about  19.5,  and  therefore  exceeds  that  of  crude  platina  itselt, 
which  is  only  17.7.  The  grains  are  about  the  size  of  those  of 
crude  platina,  but  are  considerably  harder ;  are  not  at  all  mallea- 
ble;  and  appear  to  consist  of  lamince,  possessing  a  peculiar  lustre. 
The  discovery  of  Mr.  Tennant,  if  it  had  required  any  confirma- 
tion, has  lately  received  it  from  an  elaborate  investigation  of  Vau- 
quelin,  whose  memoir  is  published  in  the  89th  volume  of  the 
Annales  de  Chimie. 


SECTION  VII. 
Copper. 

Copper,  according  to  Berzelius,  as  it  is  found  in  commerce,  is 
ulways  contaminated  with  a  little  charcoal  and  sulphur,  amounting 
to  about  one  half  of  a  grain  in  100  grains.  To  fit  it  for  purposes 
of  accuracy,  it  may  be  dissolved  in  strong  muriatic  acid  ;  and,  at- 
ter  adding  water,  may  be  precipitated  from  the  solution  by  a  po- 
lished plate  of  iron.  The  metal,  thus  obtained,  should  be  washed, 
first  with  diluted  muriatic  acid,  and  then  with  water,  and  may 
cither  be  fused,  or  kept  in  a  divided  form. 

Copper  is  a  metal  of  a  beautiful  red  colour,  and  admits  ot  a 
considerable  degree  of  lustre.  Its  specific  gravity  varies  with 
the  operations  to  which  it  has  been  subjected.  Lewis  states  it  at 
8  830  Mr.  Hatchett  found  that  of  the  finest  granulated  Swedish 
copper  to  be  8.89-5  ;  and  Cronstedt  states  the  specific  gravity  of 
T.man  copper  at  9. 

It  lias  considerable  malleability,  and  may  be  hammered  into  very 

3  c 
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thin  leaves.     It  is,  also,  very  ductile  ;  and  may  be  drawn  into  wire, 
which  has  great  tenacity. 

At  27°  Wedgwood,  copper  fuses,  and  by  a  sufficient  increase  and 
continuance  of  the  heat,  it  evaporates  in  visible  fumes. 

1.  1.  Copper  is  oxydized  by  air.  This  may  be  shown  by  heating 
one  end  of  a  polished  bar  of  copper,  which  will  exhibit  various  shades 
of  colour,  according  to  the  force  of  the  heat. 

A  plate  of  copper,  exposed  for  some  time  to  heat,  becomes  co- 
vered with  an  oxide,  which  breaks  off  in  scales  when  the  copper  is 
hammered.  It  is  composed  of  62  of  the  black  oxide  and  38  copper. 
This  oxide,  when  exposed  on  a  muffle,  is  farther  oxydized,  and  as- 
sumes a  deep  red  hue.  Copper  is  also  oxydized  by  long  exposure  to  a 
humid  atmosphere,  and  assumes  a  green  colour;  but  the  green 
oxide  holds  carbonic  acid  in  combination.  These  compounds 
do  not  return  to  a  metallic  state  by  the  mere  application  of 
heat;  but  require,  for  their  reduction,  the  admixture  of  inflamma- 
ble matter. 

2.  Copper  does  not  decompose  water,  which  may  even  be  trans- 
mitted, in  vapour,  through  a  red-hot  tube  of  this  metal,  without  de- 
composition. 

3.  Copper  is  susceptible  of  only  two  degrees  of  oxidizement ; 
in  its  lower  stage  the  compound  is  red  ;  when  oxidated  to  the  maxi- 
mum, it  is  black. 

The  black  or  peroxide  may  be  obtained,  either  by  calcining  the 
scales  of  copper,  which  have  already  been  alluded  to,  under  a  muf- 
fle ;  or  by  decomposing  sulphate  of  copper  by  carbonate  of  potash, 
and  igniting  the  precipitate  ;  or  by  the  simple  ignition  of  the  nitrate 
of  copper.     It  is  composed  of 

Copper 80  100. 

Oxygen 20  25. 

100. 

To  prepare  the  protoxide  Mr.Chenevix  recommends  the  follow- 
ing process.  Mix  together  5~\  parts  of  black  oxide  of  copper,  and 
50  parts  of  metallic  copper  precipitated  from  the  sulphate  on  an 
iron  plate.  Triturate  it  in  a  mortar,  and  put  it  with  400  parts  of 
muriatic  acid  into  a  phial,  which  is  to  be  well  stopped.  The  cop- 
per and  its  oxide  will  be  dissolved  with  heat.  When  potash  is 
poured  into  this  solution,  the  oxide  (or  rather  hydrated  protoxide) 
of  copper  is  precipitated  of  an  orange  colour.  This  oxide, 
when  deprived  of  water,  becomes  red  ;  but  it  attracts  oxygen 
so  strongly  that  it  can  scarcely  be  dried  without  absorbing 
more.    It  is  composed  of 

Copper      ....     88.89  100. 

Oxygen     .     .     .     .     11.11  12.5 

100. 
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II.  Copper  combines  with  strong  sulphuric  acid,  in  a  boiling 
heat,  and  affords  a  blue  salt,  called  sulphate  of  copper,  (a)  Sul- 
phate of  copper  is  a  regularly  crystallized  salt,  easily  dissolved  by 
water.  (6)  The  solution  is  decomposed  by  pure  and  carbonated 
alkalis.  The  former,  however,  re-dissolve  the  precipitate.  Thus, 
on  adding  pure  liquid  ammonia  to  a  solution  of  sulphate  of  copper, 
a  precipitate  appears,  which  on  a  farther  addition  of  the  alkali,  is  re- 
dissolved,  and  affords  a  beautiful  bright  blue  solution,  (c)  The 
sulphate  of  copper  is  decomposed  by  iron.  In  a  solution  of  this 
salt  immerse  a  polished  plate  of  iron.  The  iron  will  soon  acquire 
a  covering  of  copper  in  a  metallic  state,  (rf)  It  gives  up  its  acid 
on  the  application  of  heat,  without  decomposition ;  and  an  oxide 
of  copper  remains  in  the  retort,  (e)  It  is  composed,  according 
to  Proust,  of 

Copper         25.6  C      forming       >  „2 
Oxygen          6.4  £  black  oxide    $ 

Sulphuric  acid 32 

Water 36 

100 

Exclusive  of  water  of  crystallization,  Berzelius,*  from  his  own 
analysis,  states  its  composition  at 

Peroxide  of  copper  50.90  103.56 

Sulphuric  acid    .     .  49.10  KO. 


100. 


Proust  describes  a  subsulphate  of  copper,  formed  by  adding  solu- 
tion of  potash  to  a  solution  of  the  above  sulphate.  Berzelius  pre- 
pared it  by  the  cautious  addition  of  ammonia,  and  found  its  on  ana- 
lysis, to  be  composed  of 

Peroxide  of  copper  .     .     80  100 

Sulphuric   acid     ...     20  25 

100. 

Including  its  water  of  composition,  the  subsulphate  con- 
sists of 

Sulphuric  acid 21.28 

Peroxide  of  copper      ....     64.22 
W.ter 14-5Q 

100. 
•  77  Ann.  de  Chim. 
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No  sulphate  of  the  protoxide  is  yet  known  ;  for  when  sulphuric 
acid  is  brought  into  contact  with  the  protoxide,  one  half  of  the  oxide 
gives  up  its  oxygen  to  the  other  half,  which  thus  becomes  peroxide 
and  unites  with  sulphuric  acid. 

Suljihite  of  coj:Jier  may  be  obtained  by  transmitting  a  current  of 
sulphurous  acid  gas,  (which  has  been  first  passed  through  a  small 
quantity  of  water,  in  order  to  deprive  it  of  sulphuric  acid)  into  a 
vessel  containing  water  and  peroxide  of  copper.  A  green  liquid  is 
formed,  which  contains  sulphite  of  copper,  with  a  large  excess  of 
acid  ;  and  sulphite  of  copper,  in  very  small  red  crystals,  remains  at 
the  bottom  of  the  vessel.  This  salt  has  been  investigated  by  Chev- 
reul,*  and  found  to  consist  of 

Protoxide  of  copper     ....     63.84 
Sulphurous  acid 36.16 


100. 

III.  Copper  exposed  to  a  damp  air  rusts,  and  becomes  cover- 
ed with  sub-carbonate  of  copper.  The  same  compound  is  still 
more  readily  produced  by  adding  carbonated  alkalis  to  the  solu- 
tions of  copper.  The  nitrate  of  copper,  precipitated  by  carbo- 
nate of  lime,  affords  an  apple-green  precipitate,  called  Verditef. 
This  substance  consists  of 

Water 3£ 

Carbonic  acid 30 

Lime 7 

Copper 50 

Oxygen     .     .     • 9i 

100 

Berzelius  observes  that  sub-carbonate  of  copper  differs  great- 
ly in  appearance  when  precipitated  from  a  cold  and  from  a  hot 
solution.  In  the  latter  case,  its  colour  is  yellowish  green ;  in 
the  former,  it  is  bluish  green,  and  much  more  bulky.  It  is  com- 
posed of 

Peroxide  of  copper 71.7 

Carbonic  acid 19.7 

Water 8.6 

100. 

IV.  Copper  dissolves  readily  in  diluted  nitric  acid ;  and  nitrous 
gas,  holding  a  little  copper  in  solution,  is  evolved  in  great  abun- 
dance. The  salt,  resulting  from  this  combination,  has  the  singular 
property  of  detonating  with  tin.    When  to  the  solution  of  this  salt, 

*  83  Ann.  de  Chim.  181. 
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or  of  any  other  salt  of  copper,  a  solution  of  potash  is  added  in  suf- 
ficient quantity,  a  blue  powder  is  precipitated,  consisting  of  the  per- 
oxide of  copper  combined  with  water.  This  substance  has  been 
called  by  Proust,  hydrate  of  copper;  but,  more  properly,  by  Mr. 
Chenevix,  hydro-oxide  of  copper.  When  collected  on  a  filtre,and 
drie<l  at  a  heat  below  that  of  boiling  water,  it  shrinks  somewhat 
like  alumine  ;  but  still  retains  its  colour.  At  a  higher  temperature 
it  is  decomposed,  its  water  being  dissipated,  and  the  black  oxide 
only  remaining  in  the  proportion  of  75  parts  from  100.  This  oxide 
cannot  be  brought  to  combine  with  water  again  by  merely  moisten- 
ing it. 

Nitrate  of  copper  is  decomposed,  but  not  entirely,  by  carbonated 
alkalis  ;  for,  after  their  full  effect,  Berzelius  found  that  a  precipi- 
tate is  still  occasioned,  by  adding  water  impregnated  with  sulphu- 
retted hydrogen. 

This  salt  is  constituted,  according  to  Berzelius,  of 

Peroxide  of  copper 67.22 

Nitric  acid 32.78 


100. 

A  sub-nitrate  of  copper  is,  also,  described  by  the  same  chemist.* 
It  may  be  obtained  either  by  carefully  heating  the  nitrate  ;  or  by 
adding  a  small  proportion  of  potash  or  ammonia  to  its  solution. 

V.  Concentrated  and  boiling  muriatic  acid  acts  on  finely  divided 
«opper ;  and  a  green  solution  is  obtained.  In  this  salt  the  copper 
is  oxydized  to  its  maximum,  and  the  salt  may,  therefore,  be  called, 
for  the  sake  of  brevity,  fiermuriate  of  copper.  It  is  very  soluble  in 
water,  and  generally  deliquescent.  By  careful  evaporation  and 
cooling,  the  salt  crystallizes  in  rhomboidal  prismatic  parallelopi- 
peds,  which  are  readily  soluble  both  in  water  and  alcohol.  It  is 
composed,  as  Proust  has  stated,  of 

Black  oxide  of  copper  .....  40 

Muriatic  acid 24 

Water 36 

100 
Exclusive  of  water,  Berzelius  states  its  composition  to  be 

Peroxide  of  copper 59.8 

Muriatic  acid 40.2 

100. 

The  watery  solution  of  muriate  of  copper  forms  a  kind  of  sym- 
.•  *  82  Ann.  de  Chim.  250. 


390  METALS. 


CHAP.    XIX. 


pathetic  ink.     Characters  written  with  it  become  yellow  by  warm- 
ing, and  again  disappear  when  the  paper  cools. 

By  digesting  a  solution  of  pcr-muriate  of  copper  with  filings  of 
the  metal,  it  is  convened  into  a  muriate  of  .protoxide  or  pro-mu- 
riate ;  the  fresh  portion  of  copper  being  oxydized  at  the  expense 
of  what  was  previously  held  in  solution.  The  solution  of  this  salt 
is  precipitated  by  merely  pouring  it  into  water.  By  exposure  to 
air,  it  acquires  oxygen  and  is  converted  into  the  per-muriate.  Al- 
kalis throw  down  an  orange  precipitate.     It  consists  of 

Copper  .  65.80  C  forming  \ 
Oxygen  8.08  \  sub-oxide  $ 
Acid 26.12 


100. 


By  the  combustion  of  copper  in  chlorine  gas,  two  compounds  are 
produced  at  the  same  time,  one  of  which  is  a  fixed  easily  fusible 
substance,  resembling  common  rosin  ;  the  other  a  yellowish  subli- 
mate. The  first,  composed  of  60  copper  and  33.5  chlorine,  and 
called  by  Sir  H.  Davy  cu/irane,  is  insoluble  in  water,  but  becomes 
green  by  exposure  to  the  atmosphere.  The  second,  called  cujira- 
nea,  dissolves  in  water,  and  gives  it  a  greenish  colour;  and  is  com- 
posed of  60  copper  to  67  chlorine.  Its  solution  is  identical  with 
per-muriate  of  copper;  for  even  though  it  be  admitted,  according 
to  the  view  of  Sir  H.  Davy,  to  be  a  compound  of  chlorine  and  me- 
tallic copper,  yet  during  solution  it  will  decompose  water,  and  be- 
come a  true  muriated  oxide  of  copper. 

VI.  When  corroded  by  long  continued  exposure  to  the  fumes  of 
vinegar,  copper  is  donverted  into  verdegris. — The  verdegris  of 
commerce  consists  partly  of  an  acetate,  soluble  in  water,  and  part- 
ly of  a  sub-acetate.  By  solution  in  distilled  vinegar  and  evapora- 
tion, it  forms  regular  crystals,  which  are  completely  soluble  in  wa- 
ter.— These,  distilled  alone,  yield  concentrated  acetic  acid,  and  a 
combination  remains  in  the  retort,  containing,  in  90  parts, 

JP?- , .  4.50  charcoal 

-i^  78.66  copper 

[6.84  oxygen 


90. 


VII.  When  the  muriate  of  copper  is!  mixed  with  a  solution  of 
prussiate  of  potash  or  of  lime,  a  beautiful  reddish  brown  precipi- 
tate of  ferro-prussiate  of  copper  is  obtained,  which  has  been  re- 
commended by  Mr.  Hatchett  as  a  pigment.  TJhcture  of  galls 
throws  down,  from  all  the  solutions  of  copper,  a^rall  yellow  preci- 
pitate. 

VIII.  Copper  combines  with  sulphur.  When  a  mixture  of  three 
parts  of  the  metal,  in  the  state  of  fine  filings,  with  one  part  ofjgul- 
pliur,  is  melted  in  a  glass  tube,  at  the  moment  of  combination,  a 
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brilliant  inflammation  ensues,  exceeding,  in  brightness,  that  pro- 
duced by  the  fusion  of  iron  and  sulphur. 

Copper  leaf,  Berzelius  observes,*  burns  in  gaseous  sulphur,  as 
brilliantly  as  iron  wire  in  oxygen  gas.  A  compound  is  formed, 
precisely  analogous  to  the  native  sulphuret  of  copper,  and  com- 
posed of 

Copper     80 100. 

Sulphur 20 25.6 

100.  125.6 

This  is  the  only  combination  of  copper  and  sulphur,  that  has  yet 
been  discovered. 

Copper  unites,  by  fusion,  with  phosphorus.  The  phosphuret  is 
white,  brittle,  and  of  the  specific  gravity  7.122.  The  analysis  of 
Pelletier  gives  20  per  cent,  of  phosphorus. 

IX.  Ammonia  readily  dissolves  the  oxides  and  hydro-oxides  of 
copper.  Nothing  more  is  necessary  than  to  digest  them  together 
in  a  phial.  The  solution  has  a  beautiful  deep  blue  colour.  By 
evaporation  in  a  very  gentle  heat,  fine  blue   silky  crystals  may  be 

obtained. 

X.  Copper  combines  readily  with  most  of  the  metals,  and  aflords 
several  compounds,  which  are  of  great  use  in  the  common  arts  of 
life.  Tutenag  is  a  white  alloy  of  copper,  zinc,  and  iron.  Copper 
with  about  a  fourth  its  weight  of  lead  forms  fiot-metal ;  with 
about  the  same  proportion  of  zinc,  it  composes  brass,  the  most  use- 
ful of  all  its  alloys.  Mixtures  of  zinc  and  copper  form,  also,  the 
various  compounds  of  Tombac,  Dutch  Gold,  Similor,  Prince  Ru- 
pert's Metal,  Pinchbeck,  &c.  Copper  with  tin,  and  sometimes  a  lit- 
tle zinc,  forms  bronze  and  bell-me^p,  or  gun-metal.  And  when  the 
tin  is  nearly  one  third  of  the  allo£  it  is  beautifully  white  and  takes 
a  high  polish.     It  is  then  called  speculum-metal      *v 
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Iron  has  a  bluish  white  colour,  and  admits  of  a  high  degree  of 
polish.  It  is  extremely  malleable,  though  it  cannot  be  beat  out  to 
the  same  degree  of  thinness  as  gold  or  silver.  It  is  much  more 
ductile,  however,  than  those  metals ;  for  it  may  be  drawn  out  into 
wire  as  fine  as  a  human  hair;  and  its  tenacity  is  such,  that  a  wire 
only  T.7|_ths  of  an  inch  in  diameter  is  capable  of  supporting  a 
weight  of  nearly  550  lb.  Its  specific  gravity  varies  from  7.6  to 
7.8. 

*  79  Ann.Ch.  250.  See  ilso  Vauquelin  on  the  Artificial  Sulphuret  of  Cop- 
per,  vol.80, p. 265. 
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Iron  is  one  of  the  most  infusible  of  the  metals.  Its  melting  point 
is  about  158°  of  Wedgwood.  Its  chemical  properties  are  the  fol- 
lowing : 

1.  1.  When  exposed  to  the  atmosphere,  especially  when  the  air 
is  moist,  it  slowly  combines  with  oxygen,  or,  in  common  language, 
rusts.  If  the  temperature  of  the  metal  be  raised,  this  change  goes 
on  more  rapidly  ;  and,  when  made  intensely  hot,  takes  place  with 
the  appearance  of  actual  combustion.  Thus  the  small  fragments, 
which  fly  from  a  bar  of  iron  during  forging,  undergo  a  vivid  com- 
bustion in  the  atmosphere  ;  and  iron  filings,  projected  upon  the 
blaze  of  a  torch,  burn  with  considerable  brilliancy.  The  oxide,  ob- 
tained in  these  ways,  is  of  a  black  colour,  and  is  still  attracted  by 
the  magnet. 

The  same  change  is  more  rapidly  produced,  when  ignited  iron 
is  brought  into  contact  with  oxygen  gas.  A  vivid  combustion  hap- 
pens, as  already  described  in  the  chapter  on  that  gas.  Lavoisier 
made  many  experiments  to  ascertain  the  increase  of  weight,  acquir- 
ed by  the  iron,  and  concluded  that  on  an  average,  100  parts  oi  iron 
condense  from  32  to  35  parts  of  oxygen.  Dr.  Thomson,  however, 
on  repeating  the  experiment  several  times,  did  not  find  that  100 
parts  of  iron  absorbed  more  than  27.5  of  oxygen  ;  but  he  observes, 
that  it  is  almost  impossible  to  collect  the  whole  product ;  and  that 
minute  portions  are  dissipated  in  sparks.* 

2.  By  contact  with  water  at  the  temperature  of  the  atmosphere, 
iron  becomes  slowly  oxidized,  and  hydrogen  gas  is  evolved.  When 
the  steam  of  water  is  brought  into  contact  with  red-hot  iron,  the 
same  change  is  produced  with  much  greater  rapidity  ;  the  iron  is 
converted  into  the  black  oxide  ;  and  a  large  quantity  of  hydrogen 
gas  is  set  at  liberty,  and  may  be  collected  by  a  proper  apparatus. 
The  iron  is  found  to  have  lost  all  its  tensity,  and  may  be  crumbled 
down  into  a  black  powder,  to  which  the  name  of  Jinery  cinder  was 
given  by  Dr.  Priestley.  In  composition,  it  does  not  appear  to  differ 
from  the  oxide  of  iron  obtained  by  the  action  of  atmospheric  air, 
and  is  strongly  magnetic.  By  a  careful  repetition  of  the  process,  Dr. 
Thomson  found  that  100  grains  of  iron,  ignited  in  contact  with  the 
vapour  of  water,  acquire  29.1  grains  of  oxygen. 

3.  When  iron  is  dissolved  in  diluted  sulphuric  acid,  the  acid  is 
not  decomposed  ;  but  the  metal  is  oxidized  at  the  expence  of  the 
water,  and  hydrogen  gas  is  obtained  in  abundance.  Now  as  water 
is  composed  of  two  volumes  of  hydrogen  and  one  of  oxygen,  a  quan- 
tity of  oxygen,  equal  in  volume  to  half  the  hydrogen  gas  obtained, 
must  have  combined  with  the  metal ;  that  is,  for  every  200  cubic 
inches  of  hydrogen,  oxygen  equal  to  one  hundred  cubic  inches, 
or  83.8  grains,  must  have  united  with  the  metal.  Dr.  Thom- 
son, from  an  experiment  of  this  kind,  calculated  that  100  grains  ot 
iron,  after  the  action  of  dilute  sulphuric  acid,  had  gained  27.5  of 
oxygen.  It  is  to  be  considered,  however,  that  the  purity  of  the 
iron  employed  will  materially  affect  the  result;  for  if  the  iron  contain 
charcoal,  as  is  always  the   case,  carburctted  hydrogen  gas  will  be 

•  27  Nich.  Jouni.381. 
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mixed  with  the  hydrogen  ;  and  the  hydrogen  in  this  gas  being  in  a 
condensed  state,  the  apparent  will  be  less  than  the  real  quantity 
disengaged. 

Iron,  by  the  different  processes  which  have  been  described,  is 
converted  into  an  oxide,  of  a  black  colour,  and  still  retaining  the 
magnetic  property.  Its  composition  has  been  the  subject  of  a  series 
of  experiments  by  Bucholz,  who  concludes  that  100  parts  of  iron,  to 
become  the  black,  oxide,  condense  29.88  parts  of  oxygen;  and  Dr. 
Woliaston  assumes  the  oxygen  to  be  29  parts.  Berzelius's  deter- 
mination differs  but  little  from  these,  viz. 

Iron     .     .     77.22     .     .   100. 
Oxygen    .     22.78     .     .     29.5 


100. 

When  the  oxide  of  iron,  which  has  just  been  described,  is  dis- 
solved in  nitric  acid  ;  then  boiled  for  some  time;  and,  after  being 
precipitated  by  ammonia,  is  washed,  dried,  and  calcined  in  a  low 
red  heat,  it  is  found  to  be  converted  into  a  red  oxide.  This,  ac- 
cording to  Bucholz.  is  composed  of  100  parts  of  iron  and  42  of  oxy- 
gen ;  or  according  to  Dr.  Woliaston  of  100  metal  and  43.5  oxygen; 
but  Berzelius  states  its  composition  as  follows  : 

Iron     .     69.34     .     100. 
Oxygen    30.66     .       44.25 

100. 

The  existence  of  these  two  oxides,  and  the  proportion  of  their 
ingredients,  is  clearly  established.  But  besides  these,  it  has  been 
attempted  to  be  proved  that  there  is  another  oxide  of  iron.  The- 
nard  contends  for  a  compound,  containing  less  oxygen  than  the 
black  oxide,  viz.  25  parts  to  100  metal;  a  second  composed  of  37.5 
oxygen  to  100  metal  ;  and  a  third  of  50  to  100  metal.  And  Gay 
Lussac,also,  supports  the  notion  of  three  oxides  with  proportions 
differing  from  those  of  Thenard.  The  first  is  that,  which  is  obtained 
by  dissolving  iron  in  diluted  sulphuric  or  muriatic  acid,  out  of  the 
contact  of  air.  It  is  precipitated  white  by  alkalis,  and  by  ferro- 
prussiates,  and  is  composed  of  100  iron  and  28.3  oxygen.  The 
second  is  obtained  when  iron  is  oxidized  by  the  vapour  of  water  or 
oxygen  gas,  and  consists  of  100  iron  and  37.8  oxygen.  The  third 
is  the  acknowledged  red  oxide,  which  is  composed  of  100  iron  and 
42.31  oxygen.*  It  is  probable,  however,  that  the  only  known  oxides 
are  the  two,  the  composition  of  which  has  already  been  stated  on 
the  authority  of  Bucholz,  Woliaston,  and  Berzelius. 

There  appear  to  be  two  hydrates  or  hydro-oxides,  corresponding 
to  these  two  oxides  of  iron,  which  are  obtained  whenever  we  pre- 
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cipitate  their  respective  solutions  in  an  acid,  by  a  fixed  alkali.  The 
hydrate  of  the  oiack  oxide  is  white,  with  a  tinge  ot  olive  or  green; 
that  ot  ihe  red  oxide  is  orange  coloured.  The  lortner  hydrate 
passes  to  the  latter,  bv  exposure  to  the  atmospntre.  Ochre,  it  lias 
been  shewn  by  Leidbeck,  is  a  native  hydrate  of  the  red  oxide,  me- 
chanically  mixed  with  earthy  ingredients ;  but  exclusively  of  them, 
composed  of  20.2  to  25  water,  with  60  to  62  oxulo  ol  iron.*  The 
preparation  of  a  pure  hydrate  of  iron  was  found  by  Berzelius  to  be 
attended  with  great  difficulty. 

It  !i!uy  be  remarked,  on  comparing  the  composition  of  the  two 
oxides  of  iron,  that  the  oxygen  of  the  red  is  no.  a  multiplication  of 
that  of  the  black  oxide  by  an  entire,  but  by  a  fractional  number ; 
for  2y.6  x  It  —  44.25.  This  anomaly,  as  was  observed  in  the  ac- 
count of  the  principles  of  he  atomic  system,  is  best  got  over  by 
multiplying  by  two  the  numbers  (1  and  1  £), expressing  these  pro- 
portions, which  v/ill  make  the  ratio  of  29.5  to  44.25  the  same  as 
that  of  two  to  three.  We  are  thus,  however,  led  to  the  supposi- 
tion, that  there  is  an  oxide  inferior  to  the  black  oxide  in  its  propor- 
tion of  oxygen;  and  which,  from  theory,  should  consist  of  100  iron 
and  14.75  oiygen.  The  black  oxide  contains  a  quantity  of  oxygen, 
■which  is  a  multiplication  of  14.75  by  2,  and  the  red  by  3.  And  if 
the  supposed  protoxide  be  constituted  of  an  atom  of  metal  and  an 
atom  of  oxygen,  the  weight  of  the  atom  of  iron  will  be  about  50, 
for  as  14.75  to  100  so  is  7.5  to  little  more  than  50. 

Until  this  difficulty  is  cleared  up,  we  may,  however,  give  the 
name  of  firocoxide  to  the  black  oxide  of  iron  ;  and  the  red  com- 
pound of  iron  and  oxygen  may  continue  to  be  called  the  peroxide. 

II.  Whenever  diluted  sulphuric  acid  is  made  to  act  on  iron,  we 
obtain  a  compound  of  that  acid  with  the  protoxide.  The  solution, 
by  evaporation,  yields  rhomboidal  prismatic  crystals,  which  have  a 
beautiful  green  colour.  They  have  a  strong  styptic  taste  ;  redden 
vegetable  blue  colours ;  and  are  soluble  in  about  two  parts  of  cold 
and  three-fourths  their  weight  of  boiling  water.  The  solution  is 
precipitated  of  a  greenish  white  by  alkalis,  and  white  by  prussiate 
of  potash.  The  crystals,  when  distilled,  are  decomposed,  and  yield 
a  strong  fuming  acid,  called  glacial  sulphuric  acid.  The  acid,  in 
this  salt,  is  to  the  oxide,  in  the  proportion  of  100  to  88,  and  it  is  com- 
posed, according  to  Berzelius,  of 

Sulphuric  acid  ....  28.9 
Protoxide  of  iron  .  .  .25.7 
Water 45.4 


100. 


When  a  solution  of  green  sulphate  of  iron  is  heated  with 
access  of  air,  part  of  the  protoxide  passes  to  the  state  of  per- 
oxide, and  combining  with  a  portion  of  acid,  falls  down  in  the  form 
©if  a  yellow  powder,  which,  according  to  Berzelius,  is  a  sulphate 
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of  the  peroxide  with  excess  of  base,  or  a  subsulfihate.  The  acid  in 
this  compound  is  to  the  base,  as  100  to  266,  and  it  is  therefore  com- 
posed of 

Sulphuric  acid         .         .         .       27.33 
Peroxide  of  iron      .         .         .       72.67 


100. 


No  sulphate  of  protoxide  with  excess  of  acid  is  yet  known. 

The  farther  oxidation  of  the  iron  in  the  green  sulphate  is  effect- 
ed more  expeditiously  by  boiling  its  solution  with  some  nitric  acid, 
and  evaporating  to  dryness,  care  being  taken  not  to  raise  the  heat 
so  as  to  expel  the  sulphuric  acid.  Water  added  to  the  residuum, 
dissolves  a  salt,  which  is  composed  of  sulphuric  acid  and  peroxide. 
The  solution  has  a  yellowish  colour;  does  not  afford  crystals;  but 
when  evaporated  to  dryness,  forms  a  deliquescent  mass,  which  is 
soluble  in  alcohol,  and  may  thus  be  separated  from  the  green  sul- 
phate. Its  solution  affords  a  blue  precipitate  with  ferro-prussiate  of 
potash.  This  salt  has  been  called,  but  not  with  strict  propriety, 
oxy-sul filiate.  Its  legitimate  name  would  be  sulphate  of  peroxide 
of  iron ;  but,  as  this  is  inconvenient  from  its  length,  it  may  be  call- 
ed the  red  sulphate  of  iron.    It  consists,  according  to  Berzelius,  of 

Sulphuric  acid  .     .     60.44  100. 

Peroxide  of  iron     .     39.56  65.5 


100.  165.5 

The  sulphurous  acid,  also,  unites  with  iron  and  forms  a  sulphite  ; 
and  the  sulphite,  taking  an  additional  quantity  of  sulphur,  composes 
a  sulphuretted  sulphite.  The  precise  composition  of  these  salts 
remains  to  be  determined. 

III.  Nitric  acid,  in  its  concentrated  state,  scarcely  acts  upon  iron, 
but,  when  diluted  with  a  small  quantity  of  water,  it  dissolves  iron 
with  great  vehemence;  and  with  the  extrication  of  a  large  quantity 
of  impure  nitrous  gas.  The  solution,  at  first,  is  a  deep  green,  but 
when  nearly  saturated  assumes  a  red  colour.  It  is  not  crystallizable, 
but,  when  evaporated,  forms  a  deliquescent  mass. 

The  nitrate  of  iron,  it  was  long  ago  shown  by  Sir  H.  Davy,  may- 
exist  in  two  different  states,  the  green  nitrate  in  which  the  oxide  is 
at  the  minimum  of  oxidation,  and  the  red,  in  which  it  is  at  the 
maximum.  „  . 

To  obtain  nitrate  of  iron,  in  which  the  oxide  is  at  the  minimum,, 
acid  of  the  specific  gravity  of  1.25  or  less  must  be  used  ;  the  iron 
must  be  added  in  large  pieces,  and  at  distant  intervals;  and  the 
operation  carried  on  without  the  access  .of  air.  When  this  solution 
is  made  on  a  large  scale  for  the  purposes  of  the  dyer,  it  is  proper  to 
connect  the  vessel,  in  which  it  is  prepared*  with  a  large  receiver^ 
lor,  in  the  latter,  a  quantity  of  nitrous  acid  vyill  be  found,  which  is 
worrh  the  t.rouble  of  collectine;.     Nitrate  of  iron,  thus  prep 
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passes,  on  exposure  to  the  atmosphere, to  the  state  of  that  in  which 
the  oxide  is  at  the  maximum.  The  composition  of  these  two  ni- 
trates has  not  yet  been  accurately  determined. 

IV.  Muriatic  acid  dissolves  iron  and  its  oxides  with  great  ease; 
and  affords  two  distinct  salts,  differing  from  each  other  according 
to  the  state  of  oxidation  of  the  metal.  The  muriate  containing  the 
black  oxide  is  green,  and  that  containing  the  oxide  at  the  maxi- 
mum red.  Both  these  salts  are  deliquescent,  and  cannot  be  brought 
to  crystallize. 

The  green  muriate  is  convertible  into  the  red  by  simple  expo- 
sure to  the  atmosphere.  Berzelius  describes  an  interesting  experi- 
ment founded  on  this  property.  If  a  solution  of  the  green  muriate 
be  exposed  to  the  atmosphere,  in  a  tall  cylindrical  glass  jar,  for 
some  days,  and  a  few  drops  of  pure  ammonia  be  introduced  at  differ- 
ent depths  by  means  of  a  tube,  the  precipitate  formed  near  the  sur- 
face will  be  green;  a  little  lower  blue  ;  still  lower  greyish ;  then  of 
a  dirty  white  ;  and  at  the  bottom  perfectly  white,  if  time  has  not  been 
allowed  for  the  atmospheric  oxygen  to  penetrate  so  low. 

When  the  solution  of  green  muriate  is  evaporated  dry,  and  the 
residuum  is  heated  to  redness,  a  compound  is  obtained  which,  ac- 
cording to  Dr.  John  Davy's  experiments,  is  composed  of  iron  and 
chlorine.  During  ignition,  the  oxygen  of  the  oxide  and  the  hydro- 
gen of  the  muriatic  acid,  are  supposed  to  unite  and  form  water, 
while  the  chlorine  combines  with  the  metal.  The  compound  is 
termed  by  Dr.  Davy  ferrane.     It  consists  of 

Chlorine      .        .        .    53.2  ]00. 

Iron     ....     46.8  88. 

100.  188. 

When  iron  wire  is  burned  in  chlorine  gas,  a  substance  is  formed 
of  a  bright  yellowish  brown  colour,  and  with  a  high  degree  of  lus- 
tre ;  volatile  at  a  temperature  a  little  above  2 1 2°,  and  crystallizing  in 
small  iridescent  plates.  It  acts  violently  on  water,  and  forms  a  solu- 
tion of  the  red  muriate.  It  is  composed  of 

Chlorine     .         .         .66.1  100. 

Iron   ....     33.9  51.5 


100.  151.5 

V.  Iron  may  be  united,  in  the  way  of  double  elective  affinity, 
with  the  ferro-prussic  acid.*  Thus,  when  ferro-prussiate  of  pot- 
ash and  iron  and  sulphate  of  iron,  both  in  solution,  are  mixed  toge- 
ther, the  ferro-prussic  acid  and  oxide  of  iron  quit  their  former 
combinations  and  unite  together.  The  beautiful  blue  precipitate  is 
ierro  pi  ussiate  of  iron. 

*  The  prussic  acid  and  ferro-prussic  acid  (or  ferrurettcd  chyazic  acid  of  Mr. 
Porrett)  will  be  described  in  the  chapter  on  Animal  Substance s. 
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(«)  Ferro-prussiate  of  iron  is  nearly  insoluble  in  water. 

(b)  It  is  not  soluble  in  acids. 

(r)  It  is  decomposed  by  a  red-heat,  the  ferro-prussic  acid  being 
destroyed,  and  an  oxide  of  iron  remaining. 

(d)  It  is  decomposed  by  pure  alkalis  and  earths,  which  abstract 
the  ferro-prussic  acid,  and  leave  the  iron  in  the  state  of  peroxide. 
Thus,  when  pure  potash  is  digested  with  ferro-prussiate  of  iron,  its 
beautiful  blue  colour  disappears,  and  we  obtain  a  combination  of 
potash  and  ferro-prussic  acid.  It  has  been  considered  as  a  triple 
compound  of  prussic  acid,  potash,  and  iron  ;  but,  according  to  the 
new  views  of  Mr.  Porrett,  it  is  a  binary  compound  of  ferro-prussic 
acid,  and  peroxide  of  iron. 

Mr.  Porrett  has  ascertained  its  composition  to  be  as  follows : 

19.33  Protoxide  of  iron  >     r       ■       c  -a  ?«  o<x 

„„  ...  r>        •        •,  >     forminc:  ferro-prussic  acid     .     .     5338 

34.05   Prussic  acid  ^  at 

Peroxide  of  iron  serving  as  a  base 35.00 

Water  of  crystallization 11.62 


100. 


In  Nicholson's  Journal  (4to.  iv.  30.  171),  I  have  given  an  im- 
proved process  for  preparing  the  ferro-prussiate  of  potash.  The 
following,  after  trying  various  modes  of  preparation,  I  find  to  afford 
the  purest  test. 

1.  To  a  solution  of  potash,  deprived  of  its  carbonic  acid  by  quick- 
lime, and  heated  nearly  to  the  boiling  point,  in  an  iron  kettle,  add, 
by  degrees,  powdered  Prussian  blue  till  its  colour  ceases  to  be  dis- 
charged. Filter  the  liquor,  and  wash  the  sediment  with  water  till 
it  ceases  to  extract  any  thing;  let  the  washings  be  all  mixed  toge- 
ther, and  placed  in  an  earthen  dish  in  a  sand-heat.  When  the  so- 
lution has  become  hot,  add  a  little  diluted  sulphuric  acid,  and  con- 
tinue the  heat  for  about  an  hour.  A  copious  precipitate  will  be 
formed  of  Prussian  blue.  Let  this  be  separated  by  filtration,  and 
assay  a  small  quantity  of  the  filtered  liquor  in  a  wine  glass,  with  a 
little  dilute  sulphuric  acid.  If  an  immediate  production  of  Prus- 
sian blue  should  still  take  place,  fresh  sulphuric  acid  must  be  add- 
ed to  the  whole  liquor,  which  must  again,  with  this  addition,  be  ex- 
posed to  heat.  These  filtralions  and  additions  of  sulphuric  acid 
must  be  repeated  as  long  as  any  considerable  quantity  of  Prussian 
blue  is  produced;  but  when  this  ceases,  the  liquor  may  finally  be 
passed  through  a  filter. 

2.  Prepare  a  solution  of  sulphate  of  copper  in  about  four  or  six 
times  its  weight  of  warm  water,  and  into  the  solution  (1)  pour 
this,  as  long  as  a  reddish  brown  or  copper-coloured  sediment  con- 
tinues to  appear.  Wash  this  sediment,  which  is  a  ferro-prussiate 
of  copper,  with  repeated  affusions  of  warm  water;  and,  when 
these  come  off  colourless,  lay  the  precipitate  on  a  linen  filter  to 
drain,  after  which  it  may  be  dried  on  a  chalk-stone. 

3.  Powder  the  precipitate,  when  dry,  and  add  it  by  degrees  to  a 
solution  of  pure  potash,  prepared  as  described  vol.  i.  page  206, 
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The  ferro-prussic  acid  will  leave  the  oxide  of  copper  and  pass  to 
the  alkali,  forming  a  ferro  prussiate  ot  potash. 

4.  But  as  the  salt  still  contains  sulphate  of  potash,  a  portion  of 
this  may  be  separated  by  gentle  evaporation,  the  sulphate  crystal- 
lizing first.  To  the  remaining  liquid,  add  a  solution  of  barytes  in 
warm  water  (vol.  i.  page  245)  as  long  as  a  white  precipitate  ensues, 
observing  not  to  add  more  after  its  cessation.  The  solution  of 
prussiate  is  now  free,  in  a  great  measure,  from  iron,  and  entirely 
from  sulphates;  and,  by  gentle  evaporation,  will  form,  on  coolings 
beautitul  crystals.  These  crystals  are  perfectly  neutral;  insoluble 
in  aicohol;  are  not  decomposed  by  boiling,  or  by  the  contact  of 
carbonic  acid  ;  and  give  Prussian  blue  with  solutions  of  peroxide 
of  iron. 

For  the  vegetable  alkali,  either  soda  or  ammonia  may  be  substi- 
tuted in  the  above  process,  if  they  be  preferred.  If  a  sufficient 
quantity  of  pure  barytes  cannot  be  had,  the  sulphate  may  be  pre- 
cipitated by  acetate  of  barytes.  The  acetate  ot  potash,  thus  form- 
ed, not  being  a  crystallizable  salt,  remains  in  the  mother-liquor. 

(<?)  When  the  ferro-prussiate  of  potash  is  mixed  with  sulphate 
of  iron,  in  which  the  metal  is  oxydized  at  the  minimum,  the  ferro- 
prussiate  of  iron  that  is  formed  is  of  a  white  colour,  but  gradually 
becomes  blue,  as  the  iron,  by  exposure  to  air,  passes  to  the  stale 
of  peroxide.* 

(/)  The  effect  of  a  sympathetic  ink  may  be  obtained,  by  writing 
with  a  pen  dipped  in  a  very  dilute  solution  of  ferro-prussiate  of 
potash.  No  characters  will  appear  till  the  paper  is  moistened  with 
sulphate  of  iron,  when  letters  of  a  Prussian  blue  colour  will  be 
•apparent.  The  experiment  may  be  reversed,  by  writing  with  sul- 
phate of  iron,  and  rendering  the  characters  legible  by  prussiate  of 
potash. 

(g)  The  ferro-prussiate  of  potash  decomposes  all  metallic  solu- 
tions, excepting  those  of  gold,  platina,  iridium,  osmium,  rhodium, 
tellurium,  and  antimony. f 

VI.  When  sulphate  of  iron  is  mixed  with  an  infusion  of  galls, 
we  obtain  a  black  solution,  which  is  a  new  combination  of  oxide  of 
iron,  with  the  gallic  acid  and  tan.  Roth  the  gallate  and  tannate  of 
iron  are,  therefore,  essential  constituents  of  inks ;  the  other  in- 
gredients of  which  are  chiefly  added  with  the  view  of  keeping 
these  insoluble  compounds  suspended. 

In  order  that  the  iron  may  unite  with  the  gallic  acid  and  tan,  it 
must  be  combined  with  the  sulphuric  acid  in  the  state  of  red 
oxide  ;  for  the  less  oxydized  iron,  in  the  green  salt,  does  not  form 
a  black  compound  with  these  substances.  Iron  filings,  however, 
dissolve  in  an  infusion  of  galls  with  an  extrication  of  hydrogen 
gas;  but  the  compound  is  not  black  till  after  exposure  to  air, 
which  oxydizes  the  iron  still  farther.  This  solution,  with  a  suffi- 
cient quantity  of  gum,  forms  an  excellent  ink. 

On  the  same  principle  may  be   explained  the  effect  of  metallic 

*  See  Proust's  memoir,  in  Nicholson's  Journal. 
f  See  Proust,  Philosophical  Magazine,  xxx.  42. 
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iron  in  destroying  the  colour  of  ink.  When  ink  is  digested  with 
iron  filings,  and  Frequently  shaken,  its  colour  decays;  and  it  also 
becomes  coiourleas  alter  having  a  stream  of  suipnuretted  hydro- 
gen gas  passed  through  it".  In  both  these  cases  the  oxide  of  iron 
is  partly  tleo xydized.  Characters  written  with  ink,  after  this 
treatment,  are  at  fiist  illegible,  but  become  black  as  the  iron  ac- 
quires oxygen  from  the  air. 

(a)  Write  upon  paper  with  an  infusion  of  galls.  The  characters 
will  not  be  legible  till  a  solution  ot  sulphate  of  iron  is  applied. 
This  experiment  may  be  reversed  like  the  preceding  one  (V.  /.) 

(6)  The  combination  of  iron,  forming  ink,  is  destroyed  by  pure 
and  carbonated  alkalis.  Apply  a  solution  of  aikali  to  characters 
written  with  common  ink,  the  blackness  will  disappear,  and  the 
characters  will  become  brown,  an  oxide  of  iron  only  remaining  on 
the  paper. 

Alkalis,  added  cautiously  to  liquid  ink,  precipitate  the  black 
combination,  but  an  excess  re-clissolves  the  precipitate. 

(c)  Characters,  which  have  been  thus  defaced,  may  again  be 
rendered  legible  by  an  infusion  of  galls. 

(a)  Ink  is  decomposed  by  most  acids,  which  separate  the  oxide 
of  iron  from  the  gallic  acid  in  consequence  of  a  stronger  affinity. 
Hence  ink  stains  are  removed  by  dilute  muriatic  acid,  and  by  some 
vegetable  acids.  Hence,  also,  if  to  a  saturated  solution  of  sulphate 
of  iron  there  be  added  an  excess  of  acid,  the  precipitate  no  longer 
appears  on  adding  infusion  of  galls. 

When  a  mixture  of  ink  is  heated  with  nitric  acid,  the  yellow 
oxalate  of  iron  is  formed,  and  is  precipitated  on  adding  pure  am- 
monia. 

(f)  Ink  is  decomposed  by  age,  partly  in  consequence  of  the 
farther  oxydation  of  the  iron,  and  partly,  perhaps,  in  consequence 
of  the  destruction  of  the  acid  of  galls.  Hence  ink-stains  degene- 
rate into  iron-n.oulds,  and  these  last  are  immediately  produced  on 
an  inked  spot  of  linen  when  washed  with  soap,  because  the  alkali 
of  the  soap  abstracts  the  gallic  acid,  and  leaves  only  an  oxide  of 
iron. 

{/)  Ink  is  decomposed  by  oxy-murUtic  acid,  which  destroys  the 
gallic  acid,  and  the  resulting  muriatic  acid  dissolves  the  oxide  of 
iron. 

As  all  writing  inks,  into  the  composition  of  which  iron  en- 
ters, are  liable  to  decay  by  time,  and  to  be  destroyed  by  various 
agents,  an  ink  has  been  proposed  by  Mr.  Close,  the  basis  of  which 
is  similar  to  that  of  printing  ink. — Take  oil  of  lavender  200  grains, 
gum  copal,  in  powder,  25  grains,  and  lamp-black  from  2|  to  3 
grains.  With  the  aid  of  a  gentle  heat  dissolve  the  copal  in  the 
oil  of  lavender  in  a  small  phial,  and  then  mix  the  lamp  black  with 
the  solution,  on  a  marble  slab,  or  other  smooth  surface.  After  a 
repose  of  some  hours,  the  ink  must  be  shaken  before  use,  or  stirred 
with  an  iron  wire,  and  if  too  thick,  must  be  diluted  with  a  litle  oil 
of  lavender.*     This  ink  I  have  found  extremely  useful  in  writing 

*  See  Nicholson's  Journal,  8vo.  ii.  145. 
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labels  for  bottles  which  contain  acids,  or  which  are  exposed  to  acid 
fumes  in  a  laboratory. 

VII.  The  phosphoric  acid  acts  with  but  little  energy  upon  iron; 
though  a  native  compound  of  this  acid  and  iron  imparts,  to  some 
varieties  of  the  metal,  the  singular  property  of  being  very  brittle 
when  cold,  or,  as  it  is  called,  cold-short. 

The  phosphate  of  iron  is  almost  insoluble  in  water.  It  is  best 
prepared  by  mixing  the  solutions  of  green  sulphate  of  iron  and 
phosphate  of  soda.  A  yellowish  white  precipitate  is  formed,  which 
is  soluble  in  many  of  the  acids,  and  precipitated  without  change 
by  ammonia. 

The  oxy-phos/ihate  of  iron  is,  also,  an  insoluble  salt.  It  may  be 
formed  by  mingling  the  solutions  of  phosphate  of  soda  and  oxy- 
sulphate  of  iron.  Its  colour  is  a  light  blue.  Both  these  prepara- 
tions have  lately  derived  some  importance,  from  being  recommend- 
ed as  remedies  of  cancer. 

VIII.  The  succinic  acid  composes  with  iron  a  brown  mass,  in- 
soluble in  water.  The  combination  is  best  effected  by  double  de- 
composition, and  especially  by  the  addition  of  a  solution  of  succi- 
nate of  ammonia  to  the  salts  of  iron.  A  loose  brown  red  precipi- 
tate of  succinate  of  iron  falls  down.  This  precipitate  Klaproth 
exposes  to  heat,  first  by  itself,  and  afterwards  mixed  with  a  small 
quantity  of  linseed  oil.  The  first  operation  destroys  the  acid,  and 
the  second  reduces  the  metal  to  the  state  of  black  oxide.  Now  as 
the  black  oxide  contains,  in  100  parts,  70.5  of  metallic  iron,  the 
precipitation  of  a  solution,  by  succinate  of  ammonia,  affords  a  ready 
method  of  estimating  the  quantity  of  iron  in  any  solution  of  that 
metal,  or  in  any  of  its  salts.* 

IX.  The  acetic  acid,  or  even  common  vinegar,  acts  slowly  upon 
iron,  and  forms  a  solution,  which  is  of  great  use  in  dyeing  and 
calico  printing.  The  acetite  of  iron  may,  also,  be  obtained  by  a 
double  decomposition,  if  we  mingle  the  solutions  of  acetite  of  lime 
or  of  lead  with  one  of  sulphate  of  iron.  It  may  be  formed,  also,  by 
boiling  acetite  of  lead  with  metallic  iron,  which  precipitates  the  lead 

n  a  metallic  state. 

This  combination  of  iron  with  acetous  acid  may  exist,  like  its 
other  salts,  in  two  different  states.  In  the  one,  the  oxide  is  at  the 
minimum,  and  in  the  other  at  the  maximum  of  oxidation.  It  is  the 
latter  salt  only,  which  is  adapted  to  the  use  of  the  dyer  and  calico 
printer. 

X.  Iron  is  dissolved  by  water  impregnated  with  carbonic  acid. 
A  few  iron  filings,  when  added  to  a  bottle  of  aerated  water,  and 

*  "  Mr.  Peschier,  a  skilful  chemist  and  practitioner  of  pharmacy  at  Geneva, 
has  found  that  the  benzoic  acid,  and  still  better  the  alkaline  benzoates,  are  very 
good  and  useful  tests  of  the  presence  and  quantity  of  iron  contained  in  any  solution. 
They  precipitate  iron  readily  and  entirely,  and,  being  cheaper  and  more  easily 
obtained  than  the  saccinates,  which  are  commonly  employed  for  that  purpose, 
are  considered  by  Mr.  Peschier  as  deserving  the  preference  in  chemical  ana- 
lysis. Another  very  valuable  property  of  benzoic  acid  is,  that  neither  the  acid 
nor  its  salts  exert  any  action  upon  manganese."  Thomson's  Ann.  of  Philos.  Feb. 
1817.     C.       . 
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occasionally  shaken  up,  impregnate  the  water  with  this  metal.  This 
solutionis  decomposed  by  boiling,  and  in  a  less  degree  by  exposure 
to  air. 

XI.  Iron  combines  with  sulphur,  and  affords  compounds,  the 
characters  of  which  vary  greatly  according  to  the  proportions  of 
their  components,  (a)  A  paste  of  iron  filings,  sulphur,  and  water, 
if  insufficient  quantity,  will  burst,  after  some  time,  into  flame,  (d) 
A  mixture  ot  one  part  of  iron  filings  and  three  parts  of  sulphur,  ac- 
curately mixed,  and  melted  in  a  glass  tube,  at  the  moment  of  union 
exhibits  a  brilliant  combustion.  The  best  method,  however,  ot  ef- 
fecting the  combination  of  iron  and  sulphur  is  to  take  a  bar  of  ihe 
metal,  while  of  a  glowing  heal,  from  a  smith's  forge,  and  to  rub  it 
with  a  roll  of  sulphur.  The  compound  of  iron  and  sulphur  falls  down 
in  drops,  and  may  be  preserved  in  a  phial.  Of  all  the  compounds 
of  sulphur,  this  is  best  adapted  for  affording  pure  sulphuretted 
hydrogen  gas  with  diluted  acids,  (c)  The  sulpliuret  of  iron,  when, 
moistened,  rapidly  decomposes  oxygen  gas,  and  passes  to  the  srate 
of  sulphate,  (d)  When  diluted  sulphuric  or  muriatic  acid  is  poured 
on  it,  we  obtain  sulphuretted  hydrogen  gas. 

In  the  sulphuret,  made  artificially  by  fusion,  as  well  as  in  the  na- 
tive sulphuret,  iron  (it  has  been  shown  by  Proust  and  Mr.  Hatchett) 
is  in  the  metallic  state.  Two  compounds,  also,  have  been  proved 
to  exist,  the  one  with  a  larger,  the  other  with  a  smaller  proportion 
of  sulphur.  The  former  may  be  called  the  sufier-sulfihuret  ;  and  the 
latter,  which  is  distinguished  by  the  property  of  being  magnetic, 
the  sul/ihuret.  The  super-sulphuret  is  known  only  as  a  natural  pro- 
duct; it  is  not  magnetic  ;  is  nearly  insoluble  in  diluted  sulphuric  and 
muriatic  acids  ;  and  gives  no  sulphuretted  hydrogen  gas  with  acids. 
But  the  sulphuret  is  readily  soluble,  obeys  the  magnet,  and  gives 
abundance  of  sulphuretted  hydrogen  with  dilute  acids.  It  is  com- 
posed of 

Iron      .     .     63.     .     .   100. 
Sulphur    .     37.     .     .     58.75 

100. 

And  the  super-sulphuret  is  composed  of 

Iron       .     .     53.92     .     .     10O 
Sulphur     .     46.08     .     .     127 


100. 


Though  the  artificial  sulphuret  varies  in  its  composition,  yet  it  is 
probable  that  these  varieties  are  occasioned  by  the  sulphuret  being 
mechanically  mixed  with  different  proportions  of  iron.  The  fore- 
going appear  to  be  the  only  well  ascertained  and  definite  com-* 
pounds  ;  and  the  analysis  of  them  by  Berzelius,  it  may  be  observ- 
ed, agrees  very  nearly  with  that  of  Proust,  and  indeed  does  not  dif- 
fer, in  either  case,  one  per  cent.    If  the  sulphuret  be,  as  is  consist- 

3   E 
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ent  with  all  we  know  at  present,  that  compound  in  which  sulphur 
exists  in  tin:  smallest  proportion,  this  would  be  unfavourable  to  the 
notion  ol"  any  oxide  of  iron  with  less  oxygen  than  the  black  oxide. 
For  in  almost  every  other  instance,  the  protoxide  of  a  metal  con- 
tains a  quantity  of  oxygen  equal  to  half  the  sulphur  in  the  pro-sul- 
phuret,  a  coincidence  sufficiently  explained  by  admitting  both  to  be 
binary  com/iounds,  in  the  sense  of  the  word  annexed  to  it  by  Mr. 
Dalton,  and  that  the  weight  of  the  atom  of  oxygen  is  just  half  the 
weight  of  the  atom  of  sulphur.  Gay  Lussac  contends  for  the  ex- 
istence of  three  sulphurets  corresponding  to  his  supposed  three 
oxides  of  iron;*  but  the  details  of  the  experiments  establishing  their 
existence  remain  to  be  published. 

XII.  Iron  combines  with  carbon  in  various  proportions  ;  and  the 
variety  of  proportion  occasions  very  different  properties  in  the  com- 
pound. On  these  varieties,  and  the  occasional  combination  of  a  small 
proportion  of  oxygen,  depend  the  qualities  of  the  different  kinds  of 
iron  used  in  the  arts,  as  cast  iron,  steel,  8cc.  Sec.  The  quantity  of 
carbon,  in  the  sub-carburets  of  iron,  may  be  determined  by  solution 
in  sulphurous  acid,  which  dissolves  the  iron  and  sulphur,  and  has 
no  action  on  carbon.  An  ingenious  mode  of  analysis  employed  by 
Mr.  Mushet,  consists  in  ascertaining  the  quantity  of  litharge,  which 
a  given  quantity  of  the  iron  under  examination  is  capable  of  reduc- 
ing, by  fusion,  to  a  metallic  state. 

There  can  scarcely  be  a  more  striking  example  of  essenti  -.1  dif- 
ferences in  external  and  physical  characters  being  produced  by 
slight  differences  of  chemical  composition  ;  for  steel  owes  its  pro- 
perties to  not  more  than  from  %\  to-jigth  its  weight  of  carbon. 

Cast  or  crude  iron,  besides  casual  impurities,  contains  oxygen, 
carbon,  and  the  metal  of  silex  ;  but  its  differences  depend  chiefly  On 
the  various  proportion  of  carbon,  which  is  greatest  in  the  black,  and 
least  in  the  white,  variety  of  iron.  Berzelius,  indeed,  denies  the 
presence  of  oxygen  in  cast  iron,  and  says  that  its  different  kinds 
are  produced  by  variable  proportions  of  charcoal,  manganese,  and 
the  metallic  bases  of  magnesia  and  silex. f  By  the  process  of 
g  refining,  the  carbon  and  oxygen,  it  has  been  supposed,  unite  toge- 
ther, and  escape  in  the  form  of  carbonic  oxide  ;  while  another  part 
of  the  oxide  of  iron  m/ites  to  the  earthy  matter,  and  rises  to  the  sur- 
face in  the  form  of  a  dense  slag.  After  this  process,  it  forms  mal- 
leable or  bar  iron,  which  may  be  considered  as  iron  still  holding 
some  oxygen  and  carLon  in  combination,  the  latter  of  which,  even 
in  very  ductile  iron-,  amounts,  according  to  Berzelius,  to  about  one 
half  per  cent.  Hass^nfratz  has  suggested  that  iron,  which  has  been 
manufactured  with  wood  charcoal,  may  probably  contain  potassium, 
and  may  owe  its  superiority  to  this  circumstance  ;  and  Berzelius 
has  rendered  it  probable  that  even  the  most  ductile  iron  contains 
si'icium.f 

If  bar  iron  be  long  and  slowly  heated,  in  contact  with  charcoal,  it 
loses  oxygen  and  acquires  carbon, and  thus  becomes  steel.  A  small 

*  80  An.  de  Chim.  170.  f  40  phil.  Mag.  245. 

*  78.  An.  Ch.  2W. 
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proportion  only  of  carbon  is  not  capable  of  depriving  it  entirely  of 
the  properties  of  malleable  iron,  for  though  it  becomes  a  good  deal 
harder,  yet  it  may  still  be  welded.  By  union  with  a  still  farther  quan- 
tity of  carbon,  it  loses  altogether  the  property  of  welding  ;  is  ren- 
dered harder  and  more  compact ;  and  forms  the  fine  cast  steel. 
Steel,  therefore,  though  like  cast  iron  it  contains  carbon,  yet  differs 
from  it  essentially  in  being  destitute  of  oxygen  and  earth.  The 
charcoal,  which  it  contains,  appears  in  the  form  of  a  black  stain,  on 
applying  a  drop  of  almost  any  weak  acid  to  the  surface  of  polished 
steel. 

Another  combination  of  iron  and  carbon,  which  is  a  true  carburet 
of  iron,  is  the  substance  called  plumbago,  or  black-lead,  used  in 
fabricating  pencils,  and  in  covering  iron  to  prevent  rust.  By  ex- 
posure to  the  combined  action  of  heat  and  air,  the  carbon  is  burned 
off,  and  the  oxide  of  iron  remains.  When  mingled  also  with  pow- 
dered nitrate  of  potash,  and  thrown  into  a  crucible,  a  deflagration 
ensues;  and  an  oxide  of  iron  may  be  obtained  by  washing  off  the 
alkali  of  the  nitre.  From  recent  experiments  of  Messrs.  Allen  and 
Pepys,  it  appears  that  pure  plumbago,  when  burnt  in  oxygen  gas, 
leaves  a  residue  of  oxide  of  iron  amounting  only  to  about  live  per 
cent.;  and  that  it  gives  very  nearly  the  same  quantity  of  carbonic 
acid,  by  combustion, as  the  diamond  and  charcoal.  When  intensely 
heated  in  a  Toricellian  vacuum  by  a  Voltaic  battery,  Sir  H.  Davy 
found  that  its  characters  remained  wholly  unaltered.  Neither  could 
any  evidence  of  its  containing  oxygen  be  derived  from  the  action 
of  potassium.*  But  when  exposed  to  the  focus  of  a  powerful  lens 
in  oxygen  gas,  he  has  lately  observed  that  the  gas  became  cloud- 
ed during  the  process,  and  that  there  was  a  deposition  of  dew  on 
the  interior  surface  of  the  glass  globe  ;  a  fact  which  indicates 
that  plumbago,  like  charcoal,  contains  a  small  proportion  of  ny- 
drogen. 

Iron  unites  with  various  other  metals.  With  potassium  and  so- 
dium, it  forms  alloys  more  fusible  and  whiter  than  iron,  and  which 
effervesce  when  added  to  water.  Stromeyerf  has  investigated  the 
alloy  of  iron  and  silicum.  It  is  formed  by  heating  together  iron, 
silex,  and  charcoal.  The  alloy  is  dissolved  very  slowly  by  acids, 
for  it  becomes  covered  with  a  coat  of  silex,  which  defends  it 
from  further  action,  till  it  has  been  removed.  Manganese  forms 
a  white  and  brittle  alloy  with  iron.  Iron,  also,  forms  an  alloy 
with  tin  ;  and  iron  plates,  previously  cleaned  by  a  dilute  acid, 
may  be  covered  with  tin  by  dipping  them  into  that  metal  when 
melted. 


*   Philosophical  Transactions,  1809. 
-  81    \n.  Cli. 
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SECTION  IX. 

Nickel. 

1.  To  obtain  nickel  in  a  state  of  purity,  the  metal  usually  sold 
under  thai  name  may  be  dissolved  in  diluted  nitric  acid  ;  the  solu- 
tion, evaporated  to  dryness ;  and  the  dry  mass  bt  again,  for  three 
or  four  times,  alternately  dissolved  in  the  acid,  and  boiled  to  dry- 
ness. After  the  last  evaporation,  the  mass  may  be  dissolved  in  a 
solution  of  pure  ammonia  ;  which  has  been  proved,  by  its  occasion- 
ing no  precipitation  from  muriate  of  lir.  ,  to  be  free  from  car- 
bonic acid.  The  solution  is  next  to  be  evaporated  to  dryness  ;  and, 
after  being  well  mixed  with  twice  or  thrice  its  weight  of  black  flux, 
is  to  be  exposed  to  a  violent  heat  in  a  crucible  for  half  or  three  quar- 
ters of  an  hour. 

Other  processes,  for  obtaining  and  purifying  nickel,  are  describ- 
ed by  Richter  in  the  12th  volume  of  Nicholson's  Journal ;  by 
Robiquet  in  the  69th,  and  by  Tupputi  in  the  78th  volumes  of 
the  Annales  de  Chimie.  The  last-mention ed  memoir  contains 
an  elaborate  investigation  of  the  properties  and  combinations  of 
nickel. 

Pure  nickel  has  the  following  characters: 

1.  Its  colour  is  white,  and  intermediate  between  those  of  silver 
and  tin.  It  admits  of  being  finely  polished,  and  has  then  a  lustre 
between  those  of  steel  and  platina.  When  ignited,  its  colour 
changes  to  that  of  antique  bronze,  which  is  increased  every  time 
the  metal  is  heated. 

2.  It  is  perfectly  malleable,  and  may  be  forged  when  hot  into 
bars,  and  hammered  into  plates  when  cold.  At  54^°  Fahren  it, 
Tourte  found  its  specific  gravity  8.402, and,  after  being  thorou  >ly 
hammered,  8.932.  It  is  ductile,  and  may  be  drawn  into  very  fine 
wire  It  cannot  easily  be  soldered,  on  account  of  the  oxide,  Avhich 
forms  on  its  surface  when  heated.  Its  power  of  conducting  heat  is 
superior  to  that  either  of  copper  or  zinc.  Its  magnetic  property  is 
very  remarkable,  and  is  retained  when  it  is  alloyed  with  a  little 
arsenic,  and  as  Lampadius  has  shown,*  with  other  metah  In  diffi- 
cult fusibility  by  heat,  it  appears  to  equal  manganese. 

3  Nickel  appears  to  be  susceptible  of  two  different  states  of  oxi- 
dation. By  long  exposure  to  a  red  heat,  with  free  access  of  air,  it 
is  converted  into  a  dark  brown  oxide,  which  is  still  magnetic.  In 
oxygen  gas,  it  burns  vividly,  and  throws  out  sparks.  When  pre- 
cipitated from  its  solutions  by  alkalis,  and  moderately  ignited,  it 
becomes  of  an  ash-grey  colour  with  a  slight  tinge  of  blue  or  green, 
and  in  this  state  contains,  according  to  Klaproth,  66  metal,  and  34 
oxygen.  By  farther  ignition,  it  becomes  blackish  grey,  and  then 
consists,  as  stated  by  Richter,  of  78  metal  and  22  oxygen.    Tup- 

*  Thomson's  Annals,  v.  62. 
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pud,  from  100  grains  of  nickel  dissolved  in  nitric  acid,  precipitated 
by  a  fixed  alkali,  and  calcined,  obtained  127  grains  of  an  ash  grey 
powder,  which  is  to  be  considered  as  the  protoxide.  Hence  it  is 
composed  of 

Nickel 78.8 

Oxygen 21.2 


100. 

Thenard  describes  a  black  peroxide  of  nickel,  obtained  by 
passing  a  current  of  chlorine  gas,  through  water,  in  which  the 
hydrate  is  suspended.  Its  precise  composition  is  unknown.  In 
a  sufficiently  high  temperature,  its  oxides  are  reducible  without 
addition  ;  nor  is  it  more  tarnished  by  a  strong  heat  than  gold, 
silver,  or  platina.  It  ranks,  therefore,  among  the  noble  or  per- 
fect metals. 

4.  The  sulphuric  and  muriatic  acids  have  little  action  on  nickel. 
Its  appropriate  solvents  are  the  nitric  and  nkro-muriatic  acids. 
The  nitric  solution  has  a  beautiful  grass-green  colour.  Car- 
bonate of  potash  throws  down  an  apple-green  precipitate,  which 
assumes  a  dark  grey  colour  when  heated.  The  fixed  alkalis 
occasion  a  greenish  white  bulky  precipitate,  which  is  a  hydrate 
or  hydro-oxide  of  nickel,  composed  of  76  per  cent,  of  the  protoxide 
and  24  water. 

5.  When  pure  ammonia  is  added  to  nitrate  of  nickel,  a  precipi- 
tate is  formed,  resembling  that  which  is  separated  by  ammonia  from 
a  solution  of  copper,  but  not  of  so  deep  a  hue.  This  colour  changes, 
in  an  hour  or  two,  to  an  amethyst  red,  and  to  a  violet ;  which  co- 
lours are  converted  to  apple-green  by  an  acid,  and  again  to  blue 
and  violet  by  ammonia.  If  the  precipitate  retain  its  blue  colour, 
the  presence  of  copper  is  indicated.*  This  precipitate,  which  is  a 
hydrate,  is  soluble  by  an  excess  of  ammonia,  and  by  this  property 
the  oxide  of  nickel  may  be  separated,  in  analyses,  from  those  of  al- 
most all  other  metals. 

6.  Nickel,  when  heated  in  chlorine,  affords  an  olive-coloured 
compound;  and  the  muriate,  when  evaporated  and  strongly  heat- 
ed, gives  brilliant  white  scales,  which  probably  consist  of  nickel  and 
chlorine.  From  analogy,  the  first  should  contain  the  largest  pro- 
portion of  chlorine,  but  the  analysis  of  these  compounds  has  not 
yet  been  effected. 

7.  Solutions  of  all  the  salts  of  nickel  are  decomposed  by  al- 
kaline hydro-sulphurets,  with  which  they  form  black  precipitates  ; 
but  sulphuretted  hydrogen  has  no  effect  on  them.  Nickel  may, 
however,  be  combined  directly  with  sulphur  by  fusion,  and  forms 
a  grey  compound  with  a  metallic  lustre.  It  contains,  according  to 
Mr.  E  Davy's  experiments,  34  per  cent,  of  sulphur ;  and  the 
super-sulphuret,  which  may  be  formed  by  heating  the  protoxide 

•  See  Richter,  in  Nicholson's  Journal,  xii. 
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with  sulphur,  is  stated,  by  the  same  chemist,  to  contain  43.5  per 
cent,  of  sulphur. 

9.  From  the  solutions  of  nickel,  prussiate  of  potash  throws 
down  a  sea-green  precipitate.  According  to  Bergman,  250 
parts  of  this  contain  100  of  metallic  nickel.  This  statement, 
however,  differs  considerably  from  Klaproth's,  according  to 
whom  100  grains  of  nickel,  after  solution  in  sulphuric  acid,  give  a 
precipitate  by  prussiate  of  potash,  which,  after  being  ignited, 
weighs  300  grains. 

10.  Tincture  of  galls  produces  no  change  in  these  solu- 
tions. 

11.  The  solutions  of  nickel  do  not  deposit  the  metal  either  on 
polished  iron  or  zinc*  All  that  takes  place  by  the  action  of  zinc, 
is  the  separation  of  a  mud-coloured  precipitate,  consisting,  for  the 
most  part,  of  arsenic  and  iron,  with  which  nickel  generally  abounds. 
Hence  the  green  colour  of  the  solution  of  nickel  is  greatly  improv- 
ed by  the  action  of  zinc. 

12.  Nickel  may  be  alloyed  with  most  of  the  metals,  but  the  com- 
pounds have  no  particularly  interesting  qualities.  An  alloy  of  iron 
and  nickel  has  been  found  in  all  the  meteoric  stones  that  have 
hitherto  been  analysed,  however  remote  from  each  other  the  parts 
of  the  world  in  which  they  have  fallen. t  In  these,  it  forms  from 
H  to  17  per  cent,  of  their  weight.  It  enters,  also,  into  the  com- 
position of  the  large  masses  of  native  iron  discovered  in  Siberia 
and  in  South  America. 


SECTION  X. 

Tin. 

The  properties  of  tin  must  be  examined  in  the  state  of  grain-tin 
or  block-tin  ;  what  is  commonly  known  by  the  name  of  tin,  being 
nothing  more  than  iron  plates  with  a  thin  covering  of  this  metal. 
Several  varieties  are  met  with  in  commerce,  for  the  discrimination 
of  which,  and  the  means  of  judging  of  their  purity,  Vauquelin  has 
given  useful  instructions  in  the  77th  volume  of  the  Annales  de 
Chimie. 

Tin  has  a  silvery  white  colour,  and  by  exposure'to  the  air  acquires 
a  slight  superficial  tarnish,  which  does  not  appear  to  increase  by 
time.  Its  specific  gravity  is  about  7.9.  It  is  extremely  soft,  scarce- 
ly if  at  all,  elastic  ;  and  when  a  piece  of  it  is  bent  backwards  and 
forwards,  it  gives  a  peculiar  crackling  noise.  It  is  very  malleable, 
and  may  be  beaten  into  leaves,  ToW  °^  an  mcn  tn^c^- 

*  See  Klaproth's  Analytical  Essays,  vol.  i.  page  433. 

|  In  the  An.  de  Chimie  for  January  1816,  is  an  account  of  a  meteoric  stone 
which  fell  near  Langres  ;  which,  by  the  analysis  of  Vauquelin,  yielded  neither 
sulphur  nor  nickel ;  the  iron  being  also  entirely  oxydated,  contrary  to  all  former 
cases  of  the  kind.    C. 
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I.  Tin  melts  on  the  application  of  a  moderate  heat,  equal  to  442° 
Fahrenheit,  by  a  long  continuance  of  which  it  is  converted  into  a 
grey  powder.  This  powder,  which  appears  to  be  the  first  oxide  of 
tin,  when  mixed  with  pure  glass,  forms  a  white  enamel.  It  may  be. 
procured,  also,  by  calcining,  in  a  close  vessel,  the  precipitate  from 
fresh  made  muriate  of  tin  by  carbonate  of  potash. 

The  grey  oxide,  when  brought  to  a  full  red-heat,  takes  fire  ;  and, 
acquiring  an  increase  of  oxygen,  passes  to  a  pure  white  colour.  This 
white  oxide,  when  the  heat  is  considerably  raised,  loses  a  part  of  its 
oxygen  and  runs  into  fusion.  The  white  oxide  may  be  obtained  at 
once  by  projecting  tin  into  a  crucible  intensely  heated,  when  the 
oxide  rises  in  the  form  of  flowers  somewhat  resembling  those  of 
zinc.  It  may,  also,  be  procured,  as  Berzelius  found,  by  distilling 
powdered  tin  with  red  oxide  of  mercury. 

The  oxides  of  tin  have  been  investigated  by  Gay  Lussac  and  Ber- 
zelius, and  their  results  differ  so  little,  that  either  of  them  may  be 
presumed  to  be  correct.  Gay  Lussac  states  the  composition  of  the 
protoxide  to  be 

Tin       .       .     88.10    .     .   100. 
Oxygen      .     11.90     .     .     13.5 


100. 


And  that  of  the  peroxide, 


Tin       .       .     79     .     .   100 
Oxygen      .     21     .     .     27 

100. 

Besides  these  two  oxides,  Berzelius  suspects  the  existence  of  an 
intermediate  one,  which  is  formed  when  tin  is  acted  on  by  nitro-mu- 
iiulic  acid.  It  has  a  yellow  colour,  and, from  theory,  should  consist 
of  100  metal  -f-  20.4  oxygen;  but  he  does  not  appear  fully  to  have 
satisfied  himself  on  the  subject. 

The  oxides  of  tin  have,  in  a  certain  degree,  the  properties  of 
acids,  so  as  to  render  it  doubtful  whether  they  should  not  be  ar- 
ranged in  that  class  of  compounds.  But  their  affinities  for  bases  are 
so  extremely  feeble,  that  it  seems  advisable,  on  the  whole,  to  retain 
them  in  the  class  of  oxides. 

The  precipitates  from  solutions  of  tin  by  alkalis  are  hydrates,  and 
have  a  white  colour.  They  are  soluble  in  an  excess  of  fixed  alkali; 
but  the  oxide  is  precipitated  by  the  weakest  acid,  even  the  carbonic. 
The  hydrates  of  tin  are,  also,  decomposed  by  the  action  of  boiling 
water. 

II.  Tin  is  not  oxydized  at  common  temperatures  by  exposure  to 
air  with  the  concurrence  of  moisture  ;  a  property  which  is  the 
foundation  of  its  use  in  covering  iron. 

III.  Tin  amalgamates  readily  with  mercury;    and  this  compound 
much  used  in  the  silvering  of  looking-glasses-     It  is  formed  by 
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adding  gradually  three  parts  of  mercury  to  twelve  of  tin  melted  in 
an  iron  ladle,  and  stirring  the  mixture. 

IV.  Tin  dissolves  in  sulphuric  acid,  which  takes  up,  when  con- 
centrated and  heated,  half  its  weight.  It  is  dissolved  also  by  this 
acid,  diluted  with  about  a  fourth  its  weight  of  water,  and  heated. 
During  both  these  processes,  sulphurous  acid  is  disengaged;  and, 
in  the  latter,  a  pellicle  of  sulphur  forms  on  the  surface  of  the  solu- 
tion, which  precipitates  on  cooling.  When  saturated,  the  solution 
deposits,  after  a  while,  needle-shaped  crystals  of  sulphate  of  tin.  If 
the  sulphate  be  long  boiled,  a  copious  white  precipitate  subsides, 
which  will  not  again  dissolve.  It  is  composed  of  the  white  oxide 
retaining  only  a  small  portion  of  acid,  and  constituting  in  facta  sub- 
snl/ihate. 

V.  When  nitric  acid  highly  concentrated  is  poured  upon  tin 
filings,  very  little  effect  is  produced  ;  but  when  a  small  quantity  of 
water  is  added,  a  violent  effervescence  follows  ;  and  the  metal  is  re- 
duced to  a  bulky  powder,  which  is  the  white  oxide  retaining  a  lit- 
tle acid.  If  more  water  be  added,  an  acid  liquor  is  obtained,  holding 
very  little  tin  in  solution.  Tin,  however,  is  slowly  dissolved,  with- 
out effervescence,  in  nitric  acid  greatly  diluted.  The  solutionis 
yellow  and  deposits  oxide  of  tin  by  keeping. 

VI.  Muriatic  acid,  undiluted,  is  the  proper  solvetvt  of  tin.  To 
one  part  of  tin,  in  a  tubulated  retort,  two  parts  of  concentrated  mu- 
riatic acid  are  to  be  added,  and  heat  applied.  The  solution  is  com- 
plete, with  the  exception  of  a  small  quantity  of  black  powder,  which 
has  not  been  sufficiently  examined  ;  and  the  acid  takes  up  about  one 
fourth  of  its  weight  of  tin.*  The  solution  has  always  an  excess  of 
acid  ;  is  perfectly  limpid  and  colourless  ;  and  contains  the  metal  at 
the  minimum  of  oxidation.  It  has  a  tendency,  however,  to  acquire 
a  farther  proportion  of  oxygen,  and  should,  therefore,  be  carefully 
preserved  from  contact  with  the  air.  This  property  of  absorbing 
oxygen  is  so  remarkable,  that  it  may  even  be  applied  to  eudiome- 
trical  purposes.  It  has,  also,  the  property  of  reducing,  to  a  mini- 
mum of  oxidation,  those  compounds  of  iron,  in  which  the  metal  is 
fully  oxydized.  For  example,  it  reduces  the  red  sulphate  to  the 
green.  It  is  a  test  also  of  gold  and  platina,  as  already  noticed,  and 
blackens  the  solution  of  corrosive  sublimate.  With  hydro-sulphu- 
rets  it  gives  a  black  precipitate. 

VII.  Tin  may  be  brought  to  combine  with  the  oxymuriatic  acid, 
by  first  forming  it  into  amalgam  with  mercury,  triturating  this  with 
an  equal  weight  of  muriate  of  mercury,  and  distilling  the  mixture. 
Or  the  same  compound  may  be  formed,  according  to  Proust,  by  dis- 
tilling a  mixture  of  eight  ounces  of  powdered  tin  and  twenty-four 
ounces  of  corvosive  sublimate.  The  result  is  a  liquid  which  emits 
dense  white  fumes,  when  exposed  to  the  air,  and  was  formerly  term- 
ed the  fuming  liquor  of  Libavius.  It  gives  no  precipitate  at  all 
with  muriate  of  gold  or  muriate  of  mercury  ;  affords  a  yellow  sedi- 
ment with   hydru-sulphuret  of  potash  ;  dissolves  a  further  portion 

*  On  the  preparation  of  muriate  of  tin,  see  Berard,  Annales  de  Chimie,  Ixviii. 
78  ;  or  Nicholson's  Journal,  xxvi. 
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of  the  metal  without  effervescence,  and  is  then  changed  into  the 
common  muriate. 

This  compound,  according  to  the  researches  of  Adet,  is  an  oxy- 
muriate  of  tin,  perfectly  free  from  water,  and  having  a  strong  affinity 
for  that  fluid.  Hence  arises  its  fuming  property  ;  for  the  white 
vapours,  which  exhale  when  the  bottle  is  unstopped,  arise  from  the 
union  of  the  salt  with  the  moisture  ot  the  air.  It  may  be.  formed  at 
once,  by  heating  tin  in  chlorine  gas;  and  it  consists,  according;  to 
Dr.  Davy,  who  calls  it  stan?ia?iea,  of  55  tin  united  with  67  chlorine, 
or  of 

Tin      ...     45     .     .     100 
Chlorine       .     55     .     .     122 

100 

Another  compound  of  tin  and  chlorine,  called  by  the  same  che- 
mist utannane^  may  be  obtained  by  heating  together  an  amalgam  of 
tin  and  calomel.  It  dissolves  in  water,  and  forms  a  solution,  simi- 
lar to  the  muriate  of  the  protoxide,  which  rapidly  absorbs  oxygen 
from  the  air,  and  deposits  peroxide  of  tin.  It  is  composed  of  55  tin 
and  33  5  chlorine,  or 

Tin     ...     62     ..     100 
Chlorine       .     38     .     .       62 

100 

VIII.  The  nitro-muriatic  acid  (formed  by  mixing  two  or  three 
parts  of  muriatic  acid  and  one  of  nitric)  dissolves  tin  abundantly, 
with  violent  effervescence,  and  with  so  much  heat,  that  it  is  neces- 
sary to  add  the  metal  slowly  by  successive  portions.  The  solution 
is  apt  to  congeal  into  a  tremulous  gelatinous  mass;  and  if  water 
be  added,  it  is  partly  decomposed,  and  some  oxide  separated. 
The  solution,  used  by  the  scarlet  dyers,  is  prepared  with  that 
dilute  nitric  acid  called  single  aqua-fortis,  to  each  pound  of 
which  are  added  from  one  to  two  ounces  of  the  muriate  of  soda 
or  ammonia.  This  compound  acid  is  capable  of  taking  up  about 
an  eighth  its  weight  of  tin. 

IX.  Acetic  acid  (distilled  vinegar)  by  digestion  with  tin  filings 
takes  up  a  portion  of  the  metal,  and  acquires  an  opalescent  or 
milky  appearance.  The  solution  is  decomposed  by  the  action  of 
the  air,  and  deposits  an  insoluble  oxide. 

Tin  dissolves  in  tartaric  acid  ;  and  the  solution  is  applied  to  the 
useful  purpose  of  wet-tinning,  the  process  for  which  is  described 
in  Aikin's  Dictionary,  ii.  427. 

X.  Tin  unites  with  sulphur,  but  requires,  for  its  combination, 
so  high  a  temperature,  that  at  the  moment  of  union  there  is  too 
small  a  quantity  of  sulphur  present,  to  saturate  the  tin,  and  a  me- 
chanical mixture  results  of  tin  and  sulphuret  of  tin.  The  only 
method  of  obtaining  the  saturated  sulphuret,  is  to  melt  the  aurum 

?•    F 
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mwsiviim,  which  will  presently  be  described,  in  close  vessels.  This 
sulphuret  is  of  a  bluish  colour  and  lamellated  structure.  It  is 
composed,  according  to  Dr.  John  Davy  and  Bcrzelius,  of 

Tin 78.6 100 

Sulphur     ....  21.4 27.234 


100  127.234 

The  second  sulphuret,  or  super-sulphurct  of  tin,  is  formed  by 
he?ting  sulpiuir  with  peroxide  of  tin.  It  is  of  a  beautiful  gold  co- 
lour, and  hVny  in  its  structure.  Proust  was  of  opinion  that  it  is  a 
sulphuretted  oxide ;  but  Dr.  Davy  and  Berzelius  have  shown  that 
the  tin  is  in  a  metallic  state.  According  to  the  former,  it  consists  of 

Tin 64.5 100 

Sulphur     ....  35.5 54.5 

100.  154.5 

Berzelius,  by  redistilling  sulphuret  of  tin  with  sulphur,  obtain- 
ed a  compound  of  a  greyish  colour  and  metallic  lustre,  which  he 
found  to  be  composed  of  100  tin  and  40851  sulphur,  or  ex- 
actly intermediate  between  the  two  which  have  been  already  de- 
scribed. It  is  probable,  however,  that  it  was  merely  a  mixture  of 
the  two  sulphurcts,  and  not  a  distinct  compound. 

XI.  Tin  forms  useful  alloys  with  many  of  the  metals.  Pewter 
is  one  of  these  ;and  the  best  kind  of  it  is  entirely  free  from  lead, 
being  composed  chiefly  of  tin  with  small  proportions  of  antimony, 
copper,  and  bismuth.  A  mixture  of  tin  and  lead,  in  about  equal 
parts,  composes  the  common  ^lumbers'  solder.  Tin  enters,  also, 
into  the  composition  of  bell-metal  and  bronze  ;  and  one  of  the  most 
useful  applications  of  it  is  to  the  tinning  of  iron  plates,  which  is 
effected  by  dipping  the  plates  into  tin  melted  with  about  -^th  its 
weight  of  copper. 


SECTION  XI. 

Lead. 

To  obtain  lead  in  a  state  of  purity,  Berzelius  dissolved  it  in  ni- 
tric acid,  and  crystallized  the  salt  several  times,  till  the  mother 
liquor,  on  adding  carbonate  of  ammonia,  gave  no  traces  of  copper. 
The  pure  nitrate  of  lead,  mixed  with  charcoal,  was  strongly  heat- 
ed in  a  Hessian  crucible ;  and  the  lead,  which  separated,  was  kept 
some  time  in  a  state  of  fusion,  in  order  to  free  it  entirely  from 
charcoal.  The  lead,  thus  obtained,  when  rcdissolved  in  nitric 
acid,  gave  no  trace  of  any  other  metal. 

Lead  has  a  bluish  white    colour;  and,  when   recently  cut  or 
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melted,  considerable  lustre,  which  soon,  however,  tarnishes.  Its 
specific  gravity  is  1 1.352.  Its  malleability  is  sufficient  to  allow  its 
being  beat  into  very  thin  leaves  ;  and  it  may  be  drawn  into  wire, 
which  has  less  tenacity,  however,  than  that  of  most  other  metals. 

The  melting  point  of  lead,  according  to  Morveau,  is  590°  Fah- 
renheit;  but  according  to  Mr.  Crichton  of  Glasgow,  it  is  612°. 
Exposed  to  a  red-heat,  with  free  access  of  air,  it  smokes  and  sub- 
limes, and  gives  a  grey  oxide,  which  collects  on  surrounding  cold 
bodies.  It  is  slowly  oxydized,  also,  by  exposure  to  the  atmosphere 
at  common  temperatures  ;  and  more  rapidly,  when  exposed  alter- 
nately to  the  action  of  air  and  water. 

Lead  appears  to  be  susceptible  of  forming  three  distinct  oxides. 
1.  The  ye/lorj  oxide  may  be  obtained  by  decomposing  nitrate  of  lead 
with  carbonate  of  soda,  and  igniting  the  precipitate,  or  by  heating 
the  nitrate  to  redness  in  a  close  vessel.  This  oxide  is  tasteless, 
insoluble  in  water,  but  soluble  in  potash  and  in  acids.  When  heat- 
ed, it  forms  a  yellow  semi-transparent  glass.  Another  form  of  the 
yellow  oxide  is  that  which  is  known  in  commerce  by  the  name  of 
massicot. 

The  yellow  or  protoxide  of  lead  has  been  investigated  by  Proust, 
Thomson,  and  Berzelius,  and  its  composition,  as  determined  by 
the  last-mentioned  chemist,  is 

Lead     .     .     .     92  85     .     .     .     100     .     .     .      1298.7 
Oxygen     .     .       7.15     ..     .         7.7      .     .     1000. 


100 

2.  The  second,  or  dcutoxide  of  lead,  may  be  obtained  by  expos- 
ing the  protoxide  of  lead,  or  the  metal  itself,  to  heat,  with  a  large 
surface  and  a  free  access  of  air,  for  some  time,  till,  at  length,  it  is 
converted  into  a  red  oxide,  known  in  commerce  by  the  names  of 
minium  or  red  lead.  This,  however,  is  an  impure  substance,  con- 
taining sulphate  of  lead,  muriate  of  lead  with  excess  of  base,  oxide 
of  copper,  silex,  and  a  portion  of  the  yellow  oxide.  This,  Berze- 
lius found,  may  be  removed  by  acetic  acid,  which  does  not  act  on 
the  red  oxide.  Making  allowance  for  the  other  impurities,  he  de- 
termined the  composition  of  red  oxide  of  lead,  which  may  be  con- 
sidered as  the  deutoxide,  to  be 

Lead     ...     90     ...      100 
Oxygen     .     .     10     .     .     .       11.08 


100 


When  minium  is  digested  with  nitric  acid,  one  part  of  it  is  re- 
duced to  the  state  of  yellow  oxide,  and  is  dissolved  by  the  acid; 
and  the  remainder  is  a  brown  oxide,  contaminated  (if  impure  mi- 
nium has  been  used)  with  the  substances  which  have  been  men- 
tioned.    It  may  be  procured,  also,  by  passing  a  current  of  oxymu- 
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riatic  acid  gas  through  water,  in  which  the  red  oxide  is  kept  sus- 
pended, and  by  precipitating  with  caustic  potash,  and  drying  the 
oxide.  It  is  of  a  flea  or  puce  colour  ;  very  fine  and  light  in  us  tex- 
ture ;  and  insoluble  in  nitric  acid.  When  strongly  heated,  it  gives 
out  3  or  4  per  cent,  of  oxygen  gas,  and  is  converted  into  yellow 
oxide.     It  consists,  according  to  Berzelius,  of 

Lead     ....     86.51     ....      100 
Oxygen     .     .     .      13.49     ....        15.6 


100.  115.6 

On  comparing  the  quantities  of  oxygen  united  with  100  parts  of 
lead,  in  these  three  oxides,  wc  shall  find  that  the  numbers  7.7, 
11.08,  and  15.6  are  very  nearly  in  the  proportions  of  1,  1J,  and  2. 
If,  therefore,  we  multiply  these  last  numbers  by  2,  we  shall  have 
the  oxygen,  in  the  three  oxides  of  lead,  represented  by  2,  3,  and 
4;  and  this  view  of  the  subject  would  render  it  probable,  that  there 
exists  an  oxide  of  lead,  with  less  oxygen  than  any  at  present  known. 
I  have,  therefore,  till  this  can  be  decided,  retained  the  names  of 
the  three  oxides  which  are  derived  from  their  colour,  viz.  the  yel- 
low, the  red,  and  the  puce  oxides. 

The  yellow  oxide  of  lead,  when  precipitated  by  pure  alkalis  from 
its  compounds,  forms  a  white  hydrate,  the  composition  of  which  is 
not  exactly  known. 

The  oxides  of  lead  are  easily  vitrified,  and  have  the  property  of 
uniting  with  all  the  metals  except  gold  and  silver.  Hence  gold  or 
silver  may  be  purified  by  melting  them  with  lead.  The  mixture  is 
to  be  kept  for  some  time  in  a  state  of  fusion,  in  a  flat  cup  made  of 
bone  ashes,  and  called  a  cu/wl  or  test.  The  lead  becomes  vitrified, 
and  sinks  into  the  cupel,  carrying  along  with  it  all  the  baser  metals, 
and  leaving  gold  or  silver  on  the  surface  of  the  cupel. 

The  oxides  of  lead  give  up  their  oxygen  on  the  application 
of  heat.  When  distilled  in  an  earthen  retort,  they  afford  oxy- 
gen gas ;  and  still  more  readily  when  distilled  with  concentrated 
sulphuric  acid. 

To  procure  oxygen  gas,  sulphuric  acid  may  be  poured  on  the  red 
oxide  of  lead,  contained  in  a  gas  bottle,  and  a  gentle  heat  applied. 
The  gas,  thus  obtained,  after  being  agitated  with  water,  is  suffi- 
ciently pure  for  common  purposes. 

The  oxides  of  lead  are  also  reduced,  by  being  ignited  with  com- 
bustible matter.  Thus,  when  a  mixture  of  red  oxide  of  lead  and 
charcoal  is  ignited  in  a  crucible,  a  button  of  metallic  lead  will  be 
found  at  the  bottom  of  the  vessel. 

II.  Pure  water  has  no  action  on  lead  ;  but  it  takes  up  a  small  pro- 
portion of  the  oxide  of  that  metal.  When  left  in  contact  with  wa- 
ter, with  the  access  of  atmospherical  air,  lead  soon  becomes  oxy- 
dized  and  dissolved,  especially  if  agitation  be  used.  Hence  the 
danger  of  leaden  pipes  and  vessels  for  containing  water,  which  is 
intended  to  be  drank.     Water  appears  also  to  act  more  readily  on 
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lead,  when  impregnated  with  the  neutral  salts  that  are  occasionally 
present  in  spring  water.* 

III.  Sulphuric  acid  has  no  action  on  lead,  except  when  concen- 
trated and  at  a  boiling  temperature.  It  is  then  decomposed,  and 
sulphurous  acid  is  formed.  The  insolubility  of  lead  in  sulphuric 
acid  occasions  its  being  employed  as  ihe  material  for  constructing 
the  chambers,  in  which  that  acid  is  prepared,  and  even  for  boiling 
down  the  weak  acid.  Sulphate  of  lead,  however,  may  be  formed, 
either  by  adding  sulphuric  acid,  or  still  better  sulphate  of  soda, 
to  any  of  the  salts  of  lead.  Its  insolubility  renders  its  forma- 
tion of  u&e  as  a  step  in  mineral  analyses,  and  hence  it  is  neces- 
sary to  know  its  exact  composition,  which  is  stated  by  Berzelius 
as  follows :— 

Sulphuric  acid  .     .     .     26.34  100. 

Yellow  oxide     .     .     .     73.66  279. 


100.  379. 

If  the  whole  oxygen  in  the  sulphate  of  lead  be  supposed  to  be 
divided  into  four  parts,  one  of  these,  it  is  remarked,  by  Berzelius, 
is  combined  with  the  lead,  and  three  with  the  sulphur.  In  the  sul- 
phite, one  third  of  the  oxygen  is  united  with  the  lead,  and  two- 
thirds  with  the  sulphur. 

IV.  Nitric  acid,  a  little  diluted,  dissolves  lead,  with  the  extrica- 
tion of  nitrous  gas.  If  the  acid  be  in  small  quantity,  a  sub-nitrate 
is  formed,  which  becomes  soluble  on  adding  more  acid.  A  small 
portion  remains  undissolved,  which  Dr.  Thomson  finds  to  be  oxide 
of  antimony  with  a  little  silex.  The  solution  is  not  decomposed 
when  poured  into  water.  By  evaporation,  it  yields  large  regular 
crystals,  which  are  soluble  in  about  7£  parts  of  boiling  water. 
They  contain  no  water  of  crystallization,  and  consist,  according  to 
Berzelius,  of 

Nitric  acid     .     .     .     32.78  100 

Yellow  oxide     .     .     67.22  209.5 


100.  309.5 

Chevreul  considers  this  salt  as  a  super-nitrate, f  and  describes  a 
scaly  salt,  which  is  the  neutral  nitrate,  consisting  of 

Nitric  acid  ....     19.86  100 

Yellow  oxide    .     .     .     80.14  403 


100.  503 


*  On  the  presence  of  lead  in  water,  consult  Dr.  Lamb's  "  Researches, 
respecting  Spring  Water,"  (8vo.  London.  Johnson)  and  also  Guj  ton,  26  Nich. 
Journ.  102. 

|  1  Thomson's  Annals,  101 
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By  boiling  4  parts  of  the  supernitrate,  and  6  of  lead,  with  350 
parts  of  water,  for  14  hours,  Chevre,ul  obtained  a  liquid,  which 
yielded  two  sorts  of  crystals ;  the  one,  in  the  form  of  plates,  a  nitrite  ; 
and  the  other,  in  the  shape  of  needles,  a  sub-nitrite.  The  nitrite 
was  little  soluble  in  cold  water,  and  boiling  water  dissolved  only 
about  a  tenth  of  its  weight.  It  was  decomposed  by  all  the  acids  that 
were  tried.     Its  constituents  are 

Nitrous  acid     .     .     .     18.15  100 

Yellow  oxide    .     .    .    81.85  450 


100. 

The  sub-nitrite  crystallized  in  needles,  of  which  100  parts  of 
boiling  water  dissolved  about  three  parts,  and  retained  one,  when 
cooled  down  to  73°  Fahrenheit.     It  consisted  of 

Nitrous  acid    ....     9.9  100 

Yellow  oxide  ....  90.1  910 


100. 


V.  When  the  nitrate,  or  any  other  soluble  salt  of  lead,  is  added 
to  a  solution  of  common  salt,  a  precipitate  takes  place  of  muriate 
of  lead.  The  same  compound  may,  also,  be  obtained  by  heating 
lead  in  chlorine  gas,  or  by  treating  the  oxides  of  lead  with  muriatic 
acid.  When  dry,  the  compound  is  a  dull  semi-transparent  sub- 
stance, fusible  at  a  heat  below  redness,  and  volatile  at  an  in- 
tense heat.  It  has  a  sweet  taste,  and  is  soluble  in  22  parts 
of  cold  water.  It  has  successively  received  the  names  of  horn- 
lead,  muriate  of  lead,  and  filumbane.  Berzelius  states  its  compo- 
sition to  be 

Muriatic  acid  .     .     19.64  100. 

Yellow  oxide     .     .     80.36  409.06 


100. 
But  according  to  Sir  H.  Davy,  it  is  composed  of 

Chlorine       ....     24.62  100 

Lead 75.38  306 


100. 


When  two  parts  of  the  red  oxide  of  lead  are  mixed  with  one  of 
muriate  of  soda,  and  the  mixture  is  made  into  a  paste  with  water, 
the  common  salt  is  decomposed,  and  a  muriate,  or  probably  a  sub- 
muriate,  of  lead  is  formed,  which,  on  fusion,  affords  the  substance 
called  mineral  or  fiat ent  yellow.  The  soda  is  disengaged, and  attracts 
carbonic  acid  from  the  atmosphere,  but  not  enough  to  convert  it 
into  a  carbonate.    In  the  large  way,  it  is  found  necessary  to  sup- 
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ply  carbonic  acid  to  the  soda,  thus  prepared,  by  burning  it  with 
saw-dust. 

VI.  Carbonic  acid  may  be  brought  to  combine  with  protoxide 
of  lead,  by  precipitating  the  nitrate  of  lead  with  carbonate  of  soda, 
or  by  long  exposure  of  thin  sheets  of  lead  to  the  vapour  of  vine- 
gar. In  the  latter  case,  we  obtain  the  carbonate  of  lead,  or  com- 
mon white  lead,  which  Bergman  has  shown  to  contain  no  acetic 
acid,  though  made  by  its  intervention.  According  to  Berzelius,  it 
consibtsof 

Carbonic  acid      .         .         .         .16.5 
Oxide  of  lead      ....     83.5 


IOC. 


VII.  When  carbonate  of  lead  is  dissolved  in  distilled  vinegar, 
and  the  solution  crystallized,  we  obtain  a  salt  of  great  utility  in  the 
arts,  the  super-acetate,  or  more  properly  acetate,  of  lead,  long 
known,  from  its  sweet  taste,  under  the  name  oiszigar  of  lead. 

It  is  in  the  form  of  small  shining  needle-shaped  crystals,  which 
are  nearly  equally  soluble  in  hot  and  in  cold  water,  viz.  to  about  one 
fourth  the  weight  of  the  fluid.  The  solution  is  decomposed  by 
mere  exposure  to  the  air,  the  carbonic  acid  attracting  the  lead,  and 
forming  an  insoluble  carbonate.  It  is  decomposed,  also,  by  the 
carbonates  and  sulphates  of  alkali. 

Acetate  of  lead  consists  of 


Acid     .      .     . 

.     26     . 

.      100 

Yellow  oxide 

.     58     . 

.     224 

Water       .     . 

.      16 

100 

By  boiling  in  water  a  solution  of  100  parts  of  acetate  and  150  of 
finely  pulverized  litharge,  the  acetate  passes  to  the  state  of  sub- 
acetate.  The  taste  of  this  salt  is  less  sweet ;  it  is  less  soluble  in 
water;  and  crystallizes  in  plates.  It  is  composed,  according  to 
Thenard,  of 


Acid     .     .     . 

.     17     . 

.      100 

Yellow  oxide 

.     78     . 

.     460 

Water       .     . 

5 

100 


The  oxide  in  the  sub-acetate  is,  therefore,  so  nearly  double  in 
the  acetate,  that  we  may  consider  the  composition  of  these  salts  as 
furnishing  an  additional  example  of  the  law  of  simple  multiples. 

All  the  solutions  of  lead  are  decomposed  by  sulphuretted  hydro- 
gen and  by  alkaline  hydro-sulphurets.  Hence  these  compounds  are 
excellent  tests  of  the  presence  of  lead  in  wine  or  any  other  liquor, 
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discovering  it  by  a  dark  coloured  precipitate.  Hence,  also,  cha- 
racters traced  with  solution  of  acetate  of  lead,  become  legible  when 
exposed  to  sulphuretted  hydrogen  gas.  The  same  property  ex- 
plains, too.  the  effect  of  alkaline  hydro-sulphurets  in  blackening  the 
glass  bottles,  in  which  they  are  kept.  The  effect  is  owing  to  the 
action  of  the  sulphuretted  hydrogen  on  the  oxide  of  lead,  which  all 
white  glass  contains. 

VIII.  The  yellow  oxide  of  lead  unites  with  phosphoric  acid, 
either  directly  or  by  mixing  the  solutions  of  a  neutral  alkaline  phos- 
phate and  of  nitrate  or  acetate  of  lead.  The  compound  is  insoluble, 
and  is  composed,  according  to  Berzelius,  of 

Phosphoric  acid      20.8     .     .     100     .     .     26.2 
Yellow  oxide     .       79.2     .     .     380.5  .     .   100. 

100  480.5  126.2 

IX.  Lead  unites  in  its  metallic  state  with  sulphur ;  and  affords 
a  compound  of  a  blue  colour  with  considerable  brilliancy  called 
galena.  This  compound  may,  also,  be  formed  artificially.  It  is  re- 
marked by  Berzelius  that  the  sulphur  and  lead,  which  it  contains, 
are  in  such  proportions,  that  when  both  are  combined  with  oxy- 
gen, and  converted,  the  one  into  sulphuric  acid  and  the  other  into 
yellow  oxide  of  lead,  the  acid  and  oxide  exactly  saturate  each  other. 
These  proportions  he  found  to  be 

Sulphur  .    13.36     .     .      15.42     .     .      100 
Lead      .     86.64     .     .   100.  .     .     643.5 


100.00  115.42  743.5 

SECTION  XII. 

Zinc. 

The  zinc  of  commerce,  known  by  the  name  of  s/ieltre,  is  never 
pure,  but  contains  lead  and  sulphur.  To  purify  it,  zinc  must  be 
dissolved  in  diluted  sulphuric  acid  ;  a  plate  of  zinc  is  then  to  be  im- 
mersed in  the  solution,  to  precipitate  other  metals,  which  it  may 
contain  ;  the  solutions  must  be  decomposed  by  subcarbonate  of 
potash  ;  and  the  precipitate  ignited  with  charcoal  powder. 

Zinc  is  of  a  brilliant  white  colour  with  a  shade  of  blue.  Its  speci- 
fic gravity  varies  from  6.86  to  7.1,  the  lightest  being  the  purest. 
By  particular  treatment  it  becomes  malleable,*  and  may  be  beat  in- 
to leaves  or  drawn  into  wire. 


*  The  discovery  of  the  malleability  of  zinc  is  announced  by  Mr.  Silvester  in 
the  Philosophical  Magazine,  vol.  xxiii. 
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I.  Zinc  is  melted  by  a  moderate  heat,  viz.  at  about  680°  Fahren- 
heit, and  the  fused  mass,  on  cooling,  forms  regular  crystals. 

II.  By  exposure  to  the  air  at  a  low  temperature,  it  slowly  ac- 
quires a  coming  of  grey  oxide  ;  but  when  kept  in  a  degree  of  heat, 
bareiy  sufficient  for  its  fusion,  zinc  becomes  covered  with  a  grey 
oxide.  If  thrown  into,  a  crucible,  or  deep  earthen  pot,  heated  to 
whiteness,  it  suddenly  inflames;  burns  with  a  beautiful  white  flame; 
and  a  m  lute  and  light  oxide  sublimes,  having  a  considerable  resem- 
blance to  carded  wool.  This  oxide,  however,  when  once  deposited, 
is  no  longer  volatile;  but,  if  exposed  to  a  violent  heat,  runs  into 
glass.  It  has  been  examined  with  much  attention  by  Proust,  who 
found  it  to  consist  of  80  parts  of  zinc  and  20  oxygen.  Gay  Lussac* 
and  Bczeliusf  have  since  investigated  it,  and  agree  in  considering 
it  as  composed  of 

Zinc     .        80.39     .     .      100 
Oxygen        19.61      .     .       24.4 

100.  124.4 

Zinc  decomposes  water  very  slowly  at  common  temperatures, 
but  with  great  rapidity,  if  the  vapour  of  water  be  brought  into  con- 
tact with  it  when  ignited.  In  whatever  way  it  is  oxidized,  we  obtain 
the  compound  already  described,  which  is  the  only  known  oxide  of 
zinc. 

III.  Zinc  readily  dissolves  in  diluted  sulphuric  acid,  which 
evolves,  during  its  action  on  this  metal,  hydrogen  gas  ;  and  the  gas, 
when  obtained,  holds  in  combination  a  portion  of  the  metal.  A 
stream  of  it,  burned  in  Cuthbertson's  apparatus  (pi.  iv.  fig.  34),  has 
been  found,  if  recently  prepared,  to  occasion  the  fusion  of  the  plati- 
na  wire,  though  the  pure  gas  is  destitute  of  this  property.  This  hy- 
drogen gas,  holding  zinc  in  solution,  may  also  be  obtained  by  a  pro- 
cess of  Vauquelin.  A  mixture  of  the  ore  of  zinc,  called  blende,  or 
calamine,  with  charcoal,  is  to  be  put  into  a  porcelain  tube,  which  is 
to  be  placed  horizontally  in  a  furnace,  and,  when  red-hot,  the  vapour 
of  water  is  to  be  driven  over  it.  The  gas  that  is  produced,  however, 
is  a  mixture  of  carbonic  acid,  carburetted  hydrogen,  and  hydro- 
zincic  gas.  The  zinc  is  deposited  on  the  surface  of  the  water,  by 
which  this  gas  is  confined  ;  but,  if  burned  when  recently  prepared, 
the  gas  exhibits,  in  consequence  of  this  impregnation,  a  blue  flame. 

The  solution  of  zinc  in  sulphuric  acid,  when  evaporated  to  a  due 
degree  of  density,  shoots  into  regular  crystals.  This  salt  is  soluble 
in  2  £  parts  of  water ;  and  its  solution  is  not  precipitated  by  any  other 
metal.  Its  composition  is  stated  by  Berzelius  and  Wollaston  as 
follows : 

Acid     .     30.96     .     :     27.3 

Base     .     32.69     .     .     28  4 

Water       36.45     .     .     44.3 


I 


100.  |  ioo.li 

*  80  An.  de  Chim.  170.       f  81  Ditt0-       *  Berzelius.       ||  Wollaston. 

3  G 
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IV.  Nitric  acid,  moderately  strong,  acts  on  zinc  with  great  vio- 
lence. The  solution,  by  evaporation,  crystallizes,  and  affords  a  de- 
liquescent salt. 

V.  Muriatic  acid,  a  little  diluted,  acts  on  zinc,  and  evolves  hy- 
drogen gas  of  great  purity.  The  solution  is  clear,  but  cannot,  by 
evaporation,  be  brought  to  crystallize.  The  dry  salt,  however,  may 
be  sublimed,  and  passes  over  in  a  half  solid  state,  from  which  cir- 
cumstance it  has  been  called  butter  of  zinc.  When  rapidly  eva- 
porated, ic  yields  a  thick,  extract,  which  has  somewhat  of  the  visci- 
dity of  bird-lime. 

Only  one  compound  of  zinc  and  chlorine  is  known.  It  may  be 
formed  by  burning  the  metal  in  chlorine  gas,  or  by  distilling  zinc 
filings  with  corrosive  sublimate.  It  fuses  at  a  heat  a  little  above 
212°;  is  volatile  at  a  temperature  below  redness  ;  and  is  identical 
witii  the  compound,  obtained  by  evaporating  muriate  of  zinc.  It  con- 
sists, according  to  Dr.  John  Davy,  as  nearly  as  possible,  of  equal 
weights  of  metal  and  chlorine,  or  of 

Zinc 49.5  100 

Chlorine 50.5.  102 

100. 

VI.  Acetate  of  zinc  may  be  formed  either  by  directly  dissolving 
metal  or  the  white  oxide  in  vinegar,  or  by  mingling  the  solu- 

. oris  of  super-acetate  of  lead  and  sulphate  of  zinc.     An   insoluble 
ulphate   of  lead  is   formed,  and  the  acetate  of  zinc  remains  in 

solution.     By  evaporation  it  affords  a  crystallized  and  permanent 

salt. 

VII.  Zinc  is  oxydized  by  being  boiled  with  pure  alkaline  solu- 
tions, and  a  portion  of  the  oxide  remains  dissolved.  A  similar  com- 
pound may  be  obtained,  by  projecting  a  mixture  of  nitre  and  zinc 
filings  into  a  red-hot  crucible. 

VIII.  Zinc,  in  its  metallic  state,  has  very  little  affinity  for  sul- 
phur. A  mixture  of  the  white  oxide  of  zinc  and  flowers  of  sul- 
phur combines,  however,  into  a  yellowish  brown  mass.  Water, 
impregnated  with  sulphuretted  hydrogen,  decomposes,  after  some 
time,  the  solutions  of  zinc,  and  forms  a  yellow  precipitate,  which  is 
probably  a  hydro-sulphuret.  Mr.  E.  Davy,  however,  by  pass- 
ing the  vapour  of  sulphur  over  melted  zinc,  obtained  a  white 
crystalline  substance,  resembling  the  natural  compound  of  zinc 
and  sulphur,  called  fihosfihore scent  blende.  The  native  sul- 
phuret  has  been  analyzed  by  Dr.  Thomson,  and  found  to  con- 
sist of 

Zinc    .     .  67.19  100.  214.40 

Sulphur  .  32.81  48.84  100. 

100.  148.84         314.40 
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IX.  Zinc  combines  with  phosphorus.  The  phosphuret  of  zinc 
is  of  a  whitish  colour  and  a  metallic  lustre  not  unlike  lead.  It  has 
some  malleability,  exhales  a  phosphoric  smell,  and,  at  a  high  de- 
gree of  heat,  burns  like  common  zinc. 

X.  Zinc  is  capable  of  furnishing  alloys  with  most  of  the  other 
metals.  Of  these  the  most  useful,  brass,  has  already  been  men- 
tioned in  the  section  on  copper.  It  has  been  lately  proposed  to  ap- 
ply zinc  to  the  purpose  of  culinary  vessels,  pipes  for  conveying 
water,  sheathing  for  ships,  Sec  ;  but  it  is  rendered  unfit  for  the 
first,  by  the  facility  with  which  the  weakest  acids  act  upon  it ;  and 
for  the  rest  by  its  considerable  though  slow  oxidation,  when  expos- 
ed to  air  and  moisture. 


SECOND  CLASS. 

METALS    THAT    ARE    BRITTLE    AND    EASILY   EUSED. 

SECTION  XIII. 

Bismuth. 

Bismuth  has  a  reddish  white  colour,  and  is  composed  of  broad 
brilliant  plates  adhering  to  each  other.  Its  specific  gravity  is 
9.822,  but  is  increased  by  hammering.  It  breaks,  however,  under 
the  hammer,  and  hence  cannot  be  considered  as  malleable ;  nor 
can  it  be  drawn  out  into  wire. 

I.  Bismuth  is  one  of  the  most  fusible  metals,  melting  at  476° 
Fahrenheit;  and  it  forms,  more  readily  than  most  other  metals, 
distinct  crystals  by  slow  cooling. 

II.  When  kept  melted  at  a  moderate  heat,  it  becomes  covered 
with  an  oxide  of  a  greenish  grey  or  brown  colour.  In  a  more 
violent  heat  it  is  volatile,  and  may  be  sublimed  in  close  vessels  ; 
but,  with  the  access  of  air,  it  emits  a  blue  flame,  and  its  oxide  ex- 
hales in  the  form  of  a  yellowish  smoke,  condensible  by  cold  bodies. 
This  oxide  is  very  fusible  ;  and  is  convertible,  by  heat,  into  a  yellow 
transparent  glass.  It  is  the  only  oxide  of  bismuth,  with  which  we 
are  acquainted  ;  and  consists,  according  to  the  recent  experiments 
of  Lagerhjelm,*  of 

Bismuth     .     .     .     89.863  100. 

Oxygen     .     .     .     10.137  11.28 

100. 
*  4  Thomson's  Annals,  357. 
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III.  Sulphuric  acid  acts  on  bismuth,  and  sulphurous  acid  is  dis- 
engaged. A  part  of  the  bismuth  ib  dissolved  ;  and  the  remainder 
is  changed  into  an  insoluble  oxide,  The  sulphate,  on  the  same 
authority,  is  stated  to  consist  of 

Oxide  of  bismuth     .     .     .     66.353  100 
sulphuric  acid    .     33.647  50.71 


100. 

Besides  the  neutral  sulphate,  Berzelius  describes  a  subsulphate, 
composed  of 

Oxide   of  bismuth  ....     85.5  100. 
sulphuric  acid  .     .     14.5  17. 

100. 

IV.  Nitric  acid  dissolves  bismuth  with  great  rapidity.  To 
one  part  and  a  half  of  nitric  acid,  add,  at  distant  intervals,  one 
of  bismuth,  broken  into  small  pieces.  The  solution  is  crystal- 
lizable.  It  is  decomposed  when  added  to  water;  and  a  white 
substance  is  precipitated,  called  magistery  of  bismuth,  or  pearl- 
white.  It  consists  of  hyd.-ated  oxide  of  bismuth  with  a  small  pro- 
portion of  nitric  acid.  This  pigment  is  liable  to  be  turned  black 
by  sulphuretted  hydrogen,  and  by  the  vapours  of  putrefying  sub- 
stances in  general. 

V.  Muriatic  acid  acts  on  bismuth.  The  compound,  when  de- 
prived of  water  by  evaporation,  is  capable  of  being  sublimed,  and 
affords  a  soft  salt,  which  deliquesces  into  what  has  been  improper- 
ly called  butter  of  bismuth.  The  same  compound  is  obtained  by  in- 
troducing finely  divided  bismuth  into  chlorine  gas,  when  the  metal 
takes  fire,  and  burns  with  a  pale  blue  light.  It  is  the  only  known 
combination  of  bismuth  and  chlorine,  and  was  found,  by  Dr.  Davy, 
to  contain  66.4  per  cent,  of  the  metal,  and  33.6  of  chlorine. 

VI.  Bismuth  is  capable  of  forming  the  basis  of  a  sympathetic 
ink.  The  acid,  employed  for  this  purpose,  must  be  one  that  does 
not  act  on  paper,  such  as  the  acetic.  Characters  written  with 
this  solution  become  visible,  when  exposed  to  sulphuretted  hy- 
drogen. 

VII.  Bismuth  combines  with  sulphur,  and  forms  a  bluish  grey 
sulphuret,  having  a  metallic  lustre.  Lagerhjelm  has  analyzed  it, 
and  found  it  to  consist  of 

Bismuth     .     .     .     81.619  100 

Sulphur      .     .     .      18.381  22.52 


100. 

VIII.  Bismuth  is  capable  of  being  alloyed  with  most  of  the  metals, 
and  forms  with  some  of  them  compounds  of  remarkable  fusibility. 
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One  of  these  is  Sir  Isaac  Newton's  fusible  metal.  It  consists  of  eight 
parts  of  bismuth,  five  of  lead,  and  three  of  tin.  When  thrown  into 
water,  it  melts  before  it  is  heated  to  the  boiling  point.  It  is  from  this 
property  of  forming  fusible  alloys,  that  bismuth  enters  into  the 
composition  ol  several  of  the  soft  solders^  which,  indeed,  is  its  prin- 
cipal use. 

Bismuth  has  the  singular  property  of  depriving  gold  of  its  duc- 
tility ;  even  when  combined  with  it  in  very  minute  proportion.  This 
effect  is  produced  by  merely  keeping  gold  in  fusion,  near  bismuth 
raised  to  the  same  temperature. 


SECTION  XIV. 

Antimony. 

I.  Antimony,  as  it  occurs  under  that  name  in  the  shops,  is  a 
natural  compound  of  the  metal  with  sulphur  in  the  proportion,  as 

I  by  Proust,  of  75  antimony  and  25  sulphur.  To  obtain  it  in 
a  metallic  state,  the  native  sulphuret  is  to  be  mixed  with  two 
thirds  its  weight  of  supertartrate  of  potash  (in  the  state  of  crude 
tartar),  and  one  third  of  nitrate  of  potash  deprived  of  its  water  of 
crystallization.  The  mixture  must  be  projected,  by  spoonfuls,  into 
a  red-hot  crucible;  and  the  detonated  mass  poured  into  an  iron 
mould  greased  with  a  little  fat.  The  antimony,  on  account  of  its 
specific  gravity,  will  be  found  at  the  bottom  adhering  to  the  scoriae, 
from  which  it  may  be  separated  by  a  hammer.  Or  two  parts  of 
the  sulphuret  may  be  fused  in  a  covered  crucible  with  one  of  iron 
filings,  and  to  these,  when  in  fusion,  half  a  part  of  nitre  may  be 
added.  The  sulphur  quits  the  antimony,  and  combines  with  the 
jron. 

In  order  to  obtain  antimony  in  a  state  of  complete  purity,  the 
metal,  resulting  from  this  operation,  must  be  dissolved  in  nitro- 
muriatic  acid,  and  the  solution  must  be  poured  into  water.  A 
white  powder  will  precipitate,  which  must  be  dried,  mixed  with 
twice  its  weight  of  crude  tartar;  and  fused  in  a  crucible,  when  the 
pure  metal  will  be  produced. 

II.  Antimony  in  its  metallic  state  (sometimes  called  ragulus  of 
antimony)  is  of  a  silvery  white  colour,  very  brittle,  and  of  a  plated 
or  scaly  texture. 

III.  It  is  fused  by  a  heat  of  about  810°  Fahrenheit;  and  crystal- 
lizes, on  cooling,  in  the  form  of  pyramids.  In  close  vessels  it  may 
be  volatilized,  and  collected  unchanged. 

IV.  It  undergoes  little  change  when  exposed  to  the  atmosphere 
at  its  ordinary  temperature;  but  when  fused,  with  the  access  of 
air,  it  emits  white  fumes,  consisting  of  an  oxide  of  the  metal. 
This  oxide  had  formerly  the  name  of  argentine  flowers  of  antimony . 
The  vapour  of  water,  brought  into  contact  with  ignited  antimony, 
is  decomposed  with  so  much  rapidity,  as  to  produce  a  series  of 
detonations. 
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V.  Antimony,  it  has  been  supposed  by  Thenard,  is  susceptible 
of  several  degrees  of  oxidation;  but  these,  according  to  Proust, 
may  be  all  reduced  to  two.  The  first  oxide  may  be  obtained  by 
pouring  the  muriate  of  antimony  into  water,  and  washing  the  pre- 
cipitate with  water  containing  a  small  quantity  of  potash.  When 
dry,  it  is  of  a  dirty  white  colour,  without  any  lustre.  It  melts  at  a 
moderate  red-heat,  and  becomes  opake  on  cooling.  It  is  com- 
posed of 

Antimony     ...     81.5     ...     100 
Oxygen        ...     18.5     ..     .       22.7 

100. 

The  oxide  at  the  maximum  may  be  procured  by  collecting  the 
flowers  of  antimony  already  described,  or  by  causing  the  nitric 
acid  to  act  on  the  metal,  or  by  projecting  it  into  melted  and  red- 
hot  nitre.  This  oxide  is  of  a  white  colour,  and  is  much  less  solu- 
ble in  water  than  the  protoxide.  It  is,  also,  less  fusible,  and  may 
be  volatilized  at  a  lower  temperature,  forming  white  prismatic 
crystals  of  a  silvery  lustre.     It  is  composed  of 

Antimony     ...     77     ...     100. 
Oxygen       .     .    .    23    .     .     .      30. 

100 

The  oxides  of  antimony  have  lately  been  investigated  by  Berze- 
lius,*  who  describes  four  degrees  of  oxidation  in  that  metal.  The 
first,  or  sub-oxide,  is  obtained  by  the  long  exposure  of  antimony  to 
a  humid  atmosphere,  or  by  making  that  metal  the  positive  con- 
ductor in  a  galvanic  arrangement,  pure  water  being  employed  to 
complete  the  circuit.  To  procure  the  sub-oxides,  the  antimony 
must  be  reduced  to  powder,  and  placed  under  water  in  contact 
with  a  platina  wire,  connected  with  the  positive  end  of  the  pile. 
Oxygen  gas  is  disengaged  from  the  point  of  contact,  and  the  anti- 
mony is  covered  with  a  bluish  grey  flocculent  powder,  which  is 
lighter  than  the  metal,  and  may  be  separated  by  washing  with  wa- 
ter. It  is  produced  so  sparingly,  that  enough  could  not  be  obtain- 
ed for  analysis,  and  its  composition  was,  therefore,  deduced  by  cal- 
culation. 

The  second  oxide  (called  by  Berzelius  the  oxidule)  may  be  ob- 
tained from  muriate  of  antimony  by  an  alkali.  When  the  precipi- 
tate, which  at  first  is  a  hydrate,  is  dried  and  heated,  the  oxide  as- 
sumes a  dull  white  colour,  verging  on  grey.  In  a  red  heat,  it  fuses 
into  a  yellowish  fluid,  which,  on  cooling,  becomes  an  almost  white 
mass,  crystallized  something  like  asbestus. 

The  third)  or  white  oxide,  was  formed  by  dissolving  antimony  in 
nitric  acid,  and  evaporating  and  igniting  the  product;  or  by  dis- 
solving in  nitro-muriatic  acid,  decomposing  by  water,  washing  the 

*  86  Ann.  de  Ch.  225. 
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precipitate,  and  calcining  it  in  a  platina  crucible.  Its  colour,  when 
properly  prepared,  is  perfect  or  snow  white. 

The  fourth,  or  yellow  oxide,  was  obtained  by  Berzelius  in  the 
following  manner:  Powdered  metallic  antimony  was  fused,  during 
an  hour,  in  a  silver  crucible,  with  six  times  its  weight  of  nitre  ; 
and  the  fused  mass  was  washed,  first  with  cold  and  then  with  boil- 
ing water.  The  liquid  was  evaporated  to  dryness,  and  digested 
many  hours  with  nitric  acid.  The  white  powder,  insoluble  in  ni- 
tric acid,  was  gently  heated  in  a  small  platina  crucible,  and  assumed 
a  fine  lemon  yellow  colour.  A  similar  product  was  obtained  by 
mixing  powdered  antimony  with  pure  oxide  of  mercury.  An 
olive  substance  was  produced,  which,  by  long  exposure  to  heat, 
assumed  a  straw  yellow  colour.  This  oxide,  by  a  strong  heat, 
loses  about  6i  per  cent  of  oxygen,  and  is  changed  into  the  white 
oxide. 

The  composition  of  these  four  oxides  is  thus  stated  by  Berzelius: 


Metal. 

Oxygen. 

Metal. 

Oxygen, 

1. 

Sub-oxide  .  .  . 

.   96.826   .  . 

.     3.174  .  . 

,   .    100   .  . 

.     4.65 

2. 

Oxidule    .  .  .  . 

.  84.317  .  , 

,  .    15.683   .  , 

.    .    100  .  . 

.   .    18.60 

3. 

White  oxide 

,  .  78.   19  .  , 

,   .  21.   81    . 

.   .   100   .  , 

.  .    27.90 

4. 

Yellow  oxide    . 

.   72.  85  .  , 

,  .  27.    15   . 

.   .    100  .   , 

,  .  37.20 

It  is  probable  from  the  law  of  definite  proportions,  that  the  first 
or  sub-oxide  will  prove  to  be  a  mechanical  mixture  of  metallic  an- 
timony with  the  second  or  oxidule,  which,  in  that  case,  will  be  the 
true  protoxide.  If  this  be  established,  it  will  afford  another  ex- 
ample of  the  general  principle,  that  in  protoxides,  the  oxygen  is 
equal  to  half  the  sulphur  of  the  sulphuret. 

The  white  and  yellow  compounds  of  oxygen  and  antimony 
ought,  indeed,  to  be  arranged  among  acids,  rather  than  among 
oxides  ;  for  each  of  them  combines  with  salifiable  bases,  and  af- 
fords a  class  of  salts.  The  first  may  be  called  the  antimonious 
acid,  and  its  compounds  antimonites ;  the  second  the  antimonic 
acid,  and  the  salts  which  it  composes  antimoniates.  These  names 
appear  to  me  preferable  to  those  which  have  been  derived,  by  Ber- 
zelius, from  the  Latin  appellation  stibium,  viz.  stibious,  and  stibic 
acids.  For  a  detail  of  the  properties  of  these  saline  combinations, 
I  refer  to  the  memoir  already  quoted. 

VI.  Antimony  combines  with  sulphur,  and  forms  an  artificial 
sulphuret,  exactly  resembling  the  native  compound,  which  last 
may  be  employed,  on  account  of  its  cheapness,  for  exhibiting  the 
properties  of  sulphuret  of  antimony*  The  proportions  of  its  in- 
gredients, as  stated  by  Berzelius,  differ  from  those  assigned  by 
Proust,  viz. 

Antimony  .  .  .  72.86  ...   100       ...  270 
Sulphur  ....  27.14  ..  .     37.25  ...   100 


100. 


1.  When  native  sulphuret  of  antimony  (frequently  called  crude 
antimony)  is  slowly  roasted  in  a  shallow  vessel,  it  gradually  loses 
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its  sulphur,  the  metal  attracts  oxygen,  and  is  mostly  converted  in- 
to a  grey  oxide.  This,  being  melted  in  a  strong  heat,  acquires  a 
reddish  colour,  and  runs  into  a  glassy  substance,  transparent  at  its 
edges,  and  termed  glass  of  antimony.  It  consists  of  eight  parts  of 
protoxide  and  one  of  sulphuret,  with  ten  fier  cent,  of  silex.  The 
same  quantity  of  oxide  and  two  of  sulphuret  give  an  opake  com- 
pound, of  a  red  colour  inclining  to  yellow  ;  and  called  crocus  metal- 
lorum.  With  eight  parts  of  oxide  and  four  of  sulphur,  we  obtain  an 
opake  mass  of  a  dark  red  colour,  called  liver  of  antimony.  In  all 
these  compounds,  the  oxide  is  at  its  minimum  of  oxidation;  tor 
the  peroxide  is  incapable  of  dissolving  the  sulphuret. 

2.  When  fused  with  potash,  a  triple  compound  is  formed,  com- 
posed of  alkali,  sulphur,  and  antimony.  Or  the  combination  may- 
be effected,  in  the  humid  way,  by  boiling  the  powdered  native  sul- 
phuret with  pure  potash.  The  solution,  on  cooling,  deposits  an 
hydro  sulphuretted  oxide,  in  which  the  oxide  prevails,  called  ker- 
mes  mineral.  The  addition  of  a  dilute  acid  to  the  coid  solution, 
precipitates  a  compound,  having  th'.  same  ingredients,  but  a  larger 
proportion  of  sulphur,  and  called  golden  sulphur  of  antimony. 

3.  When  the  sulphuret  of  antimony  is  detonated  with  twice  its 
weight,  or  upwards,  of  powdered  nitre,  the  sulphur  is  oxygenated 
by  the  oxygen  of  the  nitric  acid  ;  sulphate  of  potash  is  formed,  and 
an  oxide  of  antimony  is  obtained,  varying  in  its  degree  of  oxidation, 
with  the  proportion  of  nitre  which  has  been  employed.  The  oxide 
remains,  after  washing  away  the  sulphate  with  boiling  water.  If 
four  times  its  weight  of  nitre  be  employed,  the  metal  gains  32  fier 
cent,  of  oxygen,  and  acquires  somewhat  of  the  character  of  an  acid; 
since  it  forms,  with  potash,  a  crystallizable  compound. 

VII.  Antimony  is  dissolved  by  most  of  the  acids.  Sulphuric 
acid  is  decomposed  by  it ;  sulphurous  acid  being  disengaged,  and 
an  oxide  formed,  of  which  a  small  proportion  only  is  dissolved  by 
the  remaining  acid,  constituting  a  sub-sulphate.  Nitric  acid  dis- 
solves this  metal  with  great  vehemence ;  muriatic  acid  acts  on  it 
by  long  digestion  ;  but  the  most  convenient  solvent  is  the  nitro- 
muriaticacid,  which,  with  the  aid  of  heat,  dissolves  it  from  the  na- 
tive sulphuret.  With  oxymuriatic  acid,  it  forms  a  compound  of  a 
thick  consistence,  formerly  called  butter  of  antimony.  This  may 
be  obtained,  by  exposing  black  sulphuret  of  antimony  to  the  fumes 
of  oxymuriatic  acid,  and  by  subsequent  distillation;  or  by  distilling 
the  powdered  metal  with  twice  its  weight  of  corrosive  muriate  of 
mercury.  It  may  be  formed,  also,  by  the  combustion  of  antimony 
in  chlorine  gas,  with  which,  according  to  Dr.  John  Davy,  it  unites 
in  the  following  proportion  : 

Antimony     66     .     .     100     .     .     1j0. 
Chlorine       34     .     .       67     .     .     100. 

100 

On  pouring  this  compound  into  water,  a  white  hydrate,  containing 
some  muriatic  acid,  falls  down,  called  powder  ofalgaroth. 
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VIII.  Antimony  enters  into  combination  with  most  of  the  metals. 
It  destroys  the  ductility  of  gold,  even  when  it  composes  only  2T)Votfl 
of  the  whole  mass,  or  when  its  fumes  alone  come  into  contact  with 
melted  gold.  The  most  important  of  its  alloys  is  that  which  it, 
forms  with  lead.  In  the  proportion  of  one  part  to  sixteen  of  lead, 
it  composes  the  metal  for  printers'  types. 


SECTION  XV. 

Tellurium. 

1.  Tellurium  was  discovered,  by  Klaproth,*  in  an  ore  of  gold. 
His  process,  for  extracting  it,  consists  in  the  solution  of  the  ore  by 
nitro-muriatic  acid,  dilution  with  water,  and  the  addition  of  pure 
potash,  which  throws  down  all  the  metals  that  are  present ;  and, 
when  added  in  excess,  re-dissolves  a  white  precipitate,  which  it  at 
first  occasions.  To  the  alkaline  solution,  muriatic  acid  is  then  add- 
ed ;  a  precipitate  again  appears ;  and  this,  when  dried,  and  heated 
with  one  twelfth  its  weight  of  charcoal,  or  with  a  small  quantity  of 
oil,  in  a  glass  retort,  yields  tellurium,  in  the  form  of  some  small 
brilliant  metallic  drops,  lining  the  upper  part  of  the  body  of  the  re- 
tort.    One  hundred  parts  of  the  ore  yield  above  90  of  tellurium. 

II.  1.  The  colour  of  this  metal  is  tin-white,  verging  to  lead  grey; 
it  has  considerable  lustre,  and  a  foliated  or  scaly  fracture.  It  is 
very  brittle;  is  fusible  at  a  temperature  below  ignition  ;  and,  ex- 
cepting osmium  and  quicksilver,  is  the  most  volatile  of  all  me- 
tals. It  is  the  lightest  of  the  metals,  the  bases  of  the  alkalis  and 
earths  excepted,  having  the  specific  gravity  of  only  6.185. 

2.  It  is  oxydized  when  heated  in  contact  with  air ;  and  burns 
with  a  sky-blue  flame,  edged  with  green.  Upon  charcoal,  before 
the  blow-pipe,  it  inflames  with  a  violence  resembling  detonation  ; 
exhibits  a  vivid  flame  ;  and  entirely  flies  off  in  a  grey  smoke,  hav- 
ing a  peculiarly  nauseous  smell.  This  smoke,  when  condensed, 
and  examined  in  quantity,  is  found  to  be  white  with  a  tint  of  yellow. 
It  is  fusible  by  a  strong  heat,  and  volatile  at  a  still  higher  tempera- 
ture. It  not  only  unites  as  a  base  with  acids,  but  also  itself  pos- 
sesses the  character  of  an  acid,  and  forms  a  class  of  salts,  which 
may  be  called  telluratcs.    It  is  composed,  according  to  Klaproth,  of 

Tellurium     .     83     .     .     100 
Oxygen     .     .     17     .     .       20.5 

100 

Berzelius,  however,  determines  the  quantity  of  oxygen,  absorb- 
ed by  one  hundred  of  tellurium,  when  changed  into  oxide,  to  be 

:7.83. 

*  Contributions,  ii.  \ 
3  H 
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3.  Tellurium  is  soluble  in  nitric  and  nitro-muriatic  acids.  The 
saturated  solution  is  decomposed  by  the  mere  addition  of  water, 
which  throws  down  a  white  powder  ;  but  this  is  again  dissolved  on 
adding  more  water.  Chlorine  unites  with  tellurium,  and  forms  a 
white  semi-transparent  compound,  which  is  decomposed  when  add- 
ed to  water.  It  consists,  according  to  Sir  H.  Davy,  of  100  tellurium 
united  with  90.5  chlorine.  From  its  solutions  it  is  precipitated  in 
a  metallic  form,  by  iron,  zinc,  tin,  and  even  by  muriate  of  tin.  Car- 
bonated and  pure  alkalis  precipitate  the  telluric  oxide  united  with 
water,  in  the  form  of  a  white  hydrate  ;  and  the  oxide  is  redissolved 
by  an  excess  of  alkali  or  carbonate.  Alkaline  sulphurets  throw 
down  a  dark  brown  or  blackish  precipitate.  Tincture  of  galls  pro- 
duces a  flocculent  yellow  precipitate.  The  solutions  of  this  metal 
in  acids  are  not  decomposed  by  prussiate  of  potash  ;  a  property 
which  tellurium  possesses  in  common  with  gold,  platina,  iridium, 
osmium,  rhodium,  and  antimony. 

Tellurium  forms  two  distinct  compounds  with  hydrogen,  the  one 
of  which  is  solid  and  the  other  gaseous;  1st.  By  making  tellurium 
the  negative  surface  in  water,  in  the  galvanic  circuit,  a  brown  pow- 
der is  formed,  which  is  a  solid  hydruret  of  tellurium. 

2dly.  By  acting  with  dilute  sulphuric  acid,  upon  the  alloy  of  tel- 
lurium and  potassium  (which  may  be  obtained  by  heating  a  mixture 
of  solid  hydrat  of  potash,  tellurium,  and  charcoal),  we  obtain  it  pe- 
culiar gas.  This  gas  has  a  smell  resembling  that  of  sulphuretted 
hydrogen.  It  is  absorbed  by  water,  and  a  claret-coloured  solution 
results,  which,  by  exposure  to  the  air,  becomes  brown,  and  deposits 
tellurium.  After  being  washed  with  a  small  quantity  of  water,  it 
does  not  affect  vegetable  blue  colours.  It  burns  with  a  bluish 
flame,  depositing  oxide  of  tellurium.  It  unites  with  alkalis  ;  pre- 
cipitates most  metallic  solutions  ;  and  is  instantly  decomposed  by 
chlorine  gas.  It  may  be  called  telluretted  hydrogen  gas.  According 
to  Berzelius,  it  is  constituted  of  100  parts  of  tellurium  with  a  little 
less  than  two  parts  of  hydrogen. 


SECTION  XVI. 

Arsenic . 

I.  Arsenic,  as  it  is  to  be  found  in  the  shops,  occurs  in  the  state 
of  a  white  oxide,  from  which  the  metal  may  be  obtained  by  the  fol- 
lowing process.  Mix  two  parts  of  the  white  oxide  with  one  part  of 
black  flux  (prepared  by  detonating,  in  a  crucible,  one  part  of  nitre 
with  two  of  crystals  of  tartar)  ;  and  put  the  mixture  into  a  cruci- 
ble. Invert  over  this  another  crucible  ;  lute  the  two  together,  by 
a  mixture  of  clay  and  sand  ;  and  apply  a  red-heat  to  the  lower  one; 
keeping  the  upper  one  as  cool  as  possible.  The  arsenic  will  be  re- 
duced ;  and  will  be  found  lining  the  inside  of  the  upper  crucible  in 
a  state  of  metallic  brilliancy,  not  unlike  polished  steel.   Its  specific 
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gravity  is  8.31.     It  is  so  extremely  brittle,  that  it  may  be  reduced 
to  powder  in  a  mortar. 

II.  Metallic  arsenic  is  readily  fusible,  and  is  volatilized  at  356°. 
In  close  vessels  it  may  be  collected  unchanged ;  but  when  thrown 
on  a  red-hot  iron,  it  burns  with  a  blue  flame  and  a  white  smoke  ; 
and  a  strong  smell  of  garlic  is  perceived. 

III.  AH  the  mineral  acids  act  on  arsenic  ;  but  not  considerably, 
unless  they  are  heated.  In  oxy-muriatic  acid  gas,  however,  arsenic 
burns  vehemently. 

IV.  A  mixture  of  oxy-muriate  of  potash  and  arsenic  furnishes  a 
detonating  compound,  which  takes  fire  with  amazing  rapidity.  The 
salt  and  metal,  first  separately  powdered,  may  be  mixed  by  the 
gentlest  possible  triture,or  rather  by  stirring  them  together  on  pa- 
per with  a  knife  point.  It  two  long  irains  be  laid  on  a  table,  the 
one  of  gunpowder  and  the  other  of  this  mixture,  and  they  be  in, 
contact  with  each  other  at  one  end,  so  that  they  may  be  fired  at 
once,  the  arsenical  mixture  burns  with  the  rapidity  of  lightning, 
while  the  other  burns  with  comparatively  extreme  slowness. 

V.  Arsenic  combines  with  most  of  the  metals.  It  has  the  pro- 
perty of  giving  a  white  stain  to  copper.  Let  a  small  bit  of  metal- 
lic arsenic,  or  a  mixture  of  the  white  oxide  with  a  little  black  Jlux^ 
be  put  between  two  small  plates  of  copper;  bind  these  closely  to- 
gether with  iron-wire  ;  and  heat  them,  barely  to  redness,  in  the 
fire.     The  inside  of  the  copper  plates  will  be  stained  white. 

VI.  Arsenic,  by  exposure  to  the  air,  is  tarnished,  and  becomes 
converted  into  a  bulky  blackish  powder.  In  three  months,  Berze- 
lius  found  that  100  parts  acquired  an  increase  of  8.475  ;  and  he  is 
disposed  to  consider  the  product  as  an  oxidule ;  but  it  is  probably 
nothing  more  than  a  mixture  of  arsenic  and  arsenous  acid,  into 
both  which,  indeed,  it  is  resolved  by  heat.  Only  two  combinations 
of  arsenic  and  oxygen  have  hitherto  been  clearly  ascertained ;  and 
both  are  possessed  of  acid  properties. 

The  white  oxide  of  arsenic  has  the  following  properties: 

1.  It  has  an  acrid  taste,  and  is  highly  poisonous. 

2.  It  is  soluble  in  water,  which,  at  the  ordinary  temperature, 
takes  up  one  eightieth.  According  to  La  Grange,  it  is  soluble  in 
one  twenty-fourth  of  cold  water,  or  one  fifteenth  of  hot.  Other 
statements  have  been  given  considerably  differing  from  these  ;  and 
Klaproth  was,  therefore,  induced  to  examine  its  degree  of  solubili- 
ty with  great  attention.  A  thousand  grains  of  cold  water,  left  in 
contact  with  the  white  oxide  during  24  hours,  and  frequently  agi- 
tated, dissolved  only  2i  grains.  But  1000  grains  of  boiling  water 
took  up  77|  grains;  and,  after  being  left  three  days  to  cool,  and  to 
deposit  the  crystals  which  separated,  still  retained  in  solution  30 
grains.  Bucholz  has  since  published  results,  which  agree,  very 
nearly,  with  those  of  Klaproth. 

The  solution  of  the  white  oxide  of  arsenic  has  an  acrid  taste, 
and  reddens  vegetable  blue  colours.  When  slowly  evaporated,  the 
oxide  crystallizes  in  regular  tetrahedrons.  The  oxide  is,  also,  so- 
luble in  70  or  80  times  its  weight  of  alcohol,  and  in  oils.     At  383° 
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Fahrenheit  it  sublimes  ;  or,  if  suddenly  heated  out  of  the  contact  of 
air,  runs  into  glass. 

3.  The  composition  of  the  white  oxide  of  arsenic,  or  arsenous 
acid,  has  been  investigated  by  several  chemists,  with  the  following 
results.     It  consists, 

Arsenic.     Oxygen.  Arsenic.      Oxygen. 

According  to  Proust,  of    .  .  .  75.2  .  .  24.8  ....    100  .  .  32.979 

Thenard,of 100  .  .  34.694 

Berzelius,  of  .  .  74.48    .  25.52    ...   100  .  .  34.263 

. Do.  corrected  .  69.63    .  30.37    ...   100  .  .  43.616 

■  Thomson,  of 100  .  .  34.930 

It  has  been  justly  observed,  however,  by  Dr.  Thomson,*  that  the 
result,  which  Berzelius  considers  as  the  most  correct,  is  probably 
the  least  so  ;  not  only  on  account  of  its  want  of  accordance  with 
other  determinations,  but  on  account  of  the  complicated  process, 
by  which  it  was  obtained.  On  the  whole,  it  appears  probable,  that 
100  parts  of  arsenic,  to  become  the  white  oxide,  combine  with  be- 
tween 34  and  35  parts  of  oxygen. 

4.  Oxide  of  arsenic  combines  with  the  pure  alkalis  to  satura- 
tion ;  and  hence  it  fulfils  one  of  the  principal  functions  of  an  acid. 
It  has  therefore  been  called  arsenous  acid,  and  its  compounds 
arscnites.  They  may  be  formed  by  simply  boiling  the  arsenous 
acid  with  the  respective  bases  and  a  sufficient  quantity  of  water ; 
or  by  double  decomposition.  Thus  arsenite  of  lead  may  be  prepar- 
ed, by  mixing  the  solutions  of  nitrate  of  lead  and  arsenite  of  pot- 
ash ;  and  the  fine  green  pigment,  called  Sc/ieele's  green,  by  mixing 
the  solutions  of  arsenite  of  potash  and  sulphate  of  copper. 

5.  The  arsenous  acid,  or  rather  the  arsenic  which  it  contains,  by 
distillation  with  sulphur,  affords  either  a  yellow  substance,  called 
orfiiment ,  or  a  red  one,  termed  realgar.  The  oxygen,  uniting  with 
sulphur,  escapes  in  the  form  of  sulphurous  acid.  Both  these  com- 
pounds are  sulphurets  of  arsenic,  varying  in  the  proportion  of  their 
components.  Orpiment  contains  three  parts  of  sulphur  and  four 
of  arsenic ;  and  realgar  one  part  of  sulphur  and  three  of  arsenic. 
Hence  realgar,  by  fusion  with  an  additional  quantity  of  sulphur, 
may  be  changed  into  orpiment ;  and  the  latter,  by  an  addition  of 
arsenic,  becomes  realgar. 

6.  By  repeated  distillation  with  nitric  acid,  arsenous  acid  is 
changed  into  arsenic  acid.  The  same  change  is  effected,  also,  by 
exposure  to  the  vapour  of  oxy-muriatic  acid,  and  the  subsequent 
expulsion,  by  heat,  of  the  common  muriatic  acid.  By  both  these 
processes,  a  white  concrete  substance  is  obtained,  termed  arsenic 
acid.  The  process  recommended  by  Bucholz  is  to  mix  two  parts 
by  weight  of  muriatic  acid  of  the  specific  gravity  1.200,  twenty- 
four  parts  of  nitric  acid  of  the  specific  gravity  1.25,  and  eight 
parts  of  white  oxide  of  arsenic.  The  whole  may  be  evaporated  to 
dryness,  and  gently  ignited  in  a  crucible. 

*  Annals,  iv.  171. 
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VII.  1.  The  arsenic  acid  has  a  sour,  and  at  the  same  time,  a 
metallic  taste.  It  reddens  vegetable  blues  ;  attracts  humidity  from 
tho  atmosphere;  and  effervesces  strongly  wilh  solutions  of  alka- 
line carbonates.  When  evaporated,  it  assumes  the  consistence  of 
jelly,  and  does  not  crystallize.  It  is  a  most  active  poison.  With 
alkalis,  earths,  and  oxides,  the  arsenic  acid  constitutes  a  class  of 
salts  called  arsenates.  The  arsenate  of  potash  may  be  obtained  in 
a  more  simple  manner,  by  detonating,  in  a  crucible,  a  mixture  of 
nitrate  of  potash  with  arsenous  acid. 

The  statements  of  the  composition  of  arsenic  acid  differ  from 
each  other  not  less  than  those  of  the  white  oxide.     It  is  composed, 

Arsenic.  Oxygen.        Arsenic.     Oxygen. 

According  to  Proust,  of  .  .  65.4       .  .  34.6      ....  100  .  .  52.905 

Thenard,  of.  64.         .  .  36.  ...   100  .  .  56.250 

■ Bsrzelius,  of  66.038  .  .  33.962  ...   100  .  .  51.428 

Do. corrected  58.366  .  .  41.634  ...   100  .  .  71.333 

. Thomson,  of 100  ..  52  4 

In  this  case,  also,  Dr.  Thomson  prefers,  and  it  appears  to  me 
with  reason,  the  first  determination  of  Berzelius,  as  more  nearly 
approaching  the  truth  than  the  second.  Dr.  Thomson's  result  was 
obtained  by  the  direct  acidification  of  metallic  arsenic  by  nitric 
acid  ;  and,  though  not  coincident  with  the  analysis  by  Thenard,yet 
it  agrees  with  the  number,  obtained  by  assuming  the  proportions, 
given  by  that  chemist,  for  the  white  oxide,  and  with  his  assertion 
that  100  parts  of  arsenous  acid  are  changed  into  arsenic  acid,  by 
16  parts  of  oxygen. 

2.  When  tin  is  dissolved  in  arsenic  acid,  an  inflammable  gas  is 
disengaged,  as  was  observed  by  Scheele,  consisting  of  hydrogen 
gas,  holding  arsenic  in  solution.  It  may  be  obtained,  also,  by  add- 
ing powdered  metallic  arsenic  to  a  mixture  of  diluted  sulphuric 
acid  and  zinc  filings. 

This  gas  (to  which,  perhaps,  the  name  of  arse?mrctted  hydrogen 
is  best  adapted)  has  the  following  properties  : 

(a)  It  is  a  permanently  elastic  and  invisible  fluid,  of  the  specific 
gravity,  compared  with  common  air,  of  0.5293;  but  its  specific 
gravity  is  variable,  in  consequence  of  the  admixture  of  different 
proportions  of  hydrogen  gas. 

(b)  It  has  a  fetid  smell,  resembling  that  of  garlic. 

(c)  It  extinguishes  burning  bodies. 

(d)  It  is  not  absorbed  by  water  in  any  notable  degree  ;  and  has  no 
effect  on  the  blue  colours  of  vegetables. 

(e)  It  burns  with  a  lambent  white  flame,  and  a  disagreeable 
odour;  and  emits,  during  combustion,  fumes  of  arsenous  acid. 

(/)  When  mingled  with  oxymuriatic  acid  gas,  heat  is  produced, 
a  diminution  ensues,  and  metallic  arsenic  is  deposited.  Soap  bub- 
bles, blown  with  a  mixture  of  this  and  oxygen  gases,  burns  with  a 
blue  flame,  a  white  smoke,  and  a  strong  alliaceous  smell. 

(§■)  A  stream  of  arsenuretted  hydrogen  gas,  issuing  from 
a  bladder  fitted  with  a  stop-cock,  and  set  on  fire  in  a  large  re- 
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ceiver  filled  with  oxygen,  burns  with  a  blue  flame  of  uncommon 
splendour. 

(A)  One  cubic  inch  of  the  gas  contains  about  one  fourth  of  a  grain 
of  metallic  arsenic. 

(?)  When  100  measures,  in  an  experiment  of  Gay  Lussac,  were 
acted  upon  by  heated  tin,  140  measures  of  hydrogen  were  evolved. 
Hence  three  volumes  of  hydrogen  are,  in  this  gas,  condensed  into 
almost  the  space  of  two. 

A  solid  compound  of  hydrogen  and  arsenic  may  be  formed,  hy 
acting  on  water  with  an  alloy  of  potassium  and  arsenic  ;  and,  of 
course,  much  less  hydrogen  gas  is  evolved,  than  the  same  weight 
of  uncombined  potassium  would  liberate  from  water.  It  is  describ- 
ed, by  Gay  Lussac,  as  separating  in  chesnut  brown  coloured  flocks. 
There  appears,  indeed,  to  be  a  strong  affinity  between  hydro- 
gen and  arsenic;  for  Berzejius  found  that  the  recently  prepared 
metal  when  distilled  along  with  oxide  of  tin,  gave  a  drop  or  two  of 
water. 


THIRD  CLASS. 

BRITTLE  AND    DIFFICULTLY  FUSED. 

SECTION  XVII. 

Cobalt. 

I.  Cobalt  may  either  be  obtained  from  a  substance,  which  may 
be  purchased  under  the  name  of  Zaffre,  by  fusing  the  zaffre  with 
three  times  its  weight  of  black  flux  ;  or  it  may  be  purchased,  at  a 
moderate  price,  in  a  metallic  form. 

To  obtain  cobalt  in  a  perfectly  pure  state,  Tromsdorff  recom- 
mends, that  the  zaffre  should  be,  three  times  successively,  detonat- 
ed with  one  fourth  its  weight  of  dry  nitre,  and  one  eighth  of  pow- 
dered charcoal.  After  the  last  of  these  operations,  the  mass  is  to 
be  mixed  with  an  equal  weight  of  black  flux,  and  the  cobalt  reduc- 
ed. The  metal  is  then  to  be  pulverized,  and  detonated  with  thrice 
its  weight  of  dried  nitre.  This  oxydizesthe  iron  to  its  maximum; 
and  acidifies  the  arsenic  ;  which  last  unites  with  the  potash.  Wash 
off  the  arsenate  of  potash,  and  digest  the  residue  in  nitric  acid. 
This  will  take  up  the  oxide  of  cobalt,  and  leave  the  oxide  of  iron. 
Evaporate  to  dryness ;  re-dissolve  in  nitric  acid ;  filter  the  solu- 
tion ;  and  decompose  it  by  a  solution  of  potash.  The  oxide  of 
cobalt,  now  obtained,  may  be  reduced  by  the  black  flux,  as  before 
directed. 
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II.  Cobalt  has  a  greyish  white  colour,  inclining  somewhat  to 
pink.  Its  speeific  gravity  is  7.7 ;  it  is  brittle  and  easily  reduced 
to  powder;  is  not  fusible  with  a  less  heat  than  130°  of  Wedgwood  ; 
and,  when  slowly  cooled,  may  be  obtained  crystallized  in  irregular 
prisms.  It  is  generally  described  to  be  magnetic  ;  but  this  pro- 
perty Mr.  Chenevix  imputes  to  its  contamination  with  a  small 
quantity  of  iron. 

By  exposure  to  the  atmosphere  cobalt  is  tarnished,  but  not  oxy- 
dized  to  any  extent.  In  an  intense  heat  it  burns  with  a  red  flame  ; 
but,  if  pure,  it  is  not  easily  oxydized  by  a  moderate  temperature. 
Its  oxide,  formed  by  long  exposure  to  a  strong  heat  with  access  of 
air,  is  of  a  deep  blue,  approaching  to  black.  This,  from  the  experi- 
ments of  Thenard,  appears  to  be  the  protoxide.  It  may  be  obtain- 
ed, also,  by  precipitating  the  nitrate  of  cobalt  with  potash.  The 
precipitate,  which  at  first  is  a  bright  blue  hydrate,  when  dry  be- 
comes of  so  dark  a  blue  as  to  appear  black.  It  dissolves  readily  in 
muriatic  acid,  giving  a  solution  which  is  green  when  concentrated, 
and  red  when  diluted.  Its  solutions  in  sulphuric  and  nitric  acids 
are  always  red. 

When  this  oxide  is  exposed  to  the  atmosphere,  it  gradually  ab- 
sorbs an  additional  quantity  of  oxygen ;  and  becomes  olive  green. 
Treated  with  muriatic  acid,  it  gives  oxymuriatic  acid  gas,  and  a 
red  solution  is  obtained.  This  olive  compound  Sir  H.  Davy  sus- 
pects to  be  a  mixture  of  hydrate  and  oxide  of  cobalt,  and  not  a  pe- 
culiar oxide. 

When  either  of  the  two  preceding  oxides  is  heated  in  the  open 
air,  it  passes  to  a  flea-brown  colour,  which  gradually  becomes 
black.  This  is  the  metal  oxidated  to  iu  maximum.  The  peroxide 
dissolves  with  effervescence  in  muriatic  acid,  and  with  a  copious 
disengagement  of  oxymuriatic  acid  gas.  It  is  insoluble,  however, 
in  sulphuric  and  nitric  acids,  till  it  has  parted  with  oxygen  enough, 
to  reduce  it  to  the  minimum  state.  It  is  incapable,  also,  of 
being  dissolved  in  pure  alkalis,  or  of  tinging  vitrifiable  mixtures 
blue. 

According  to  the  experiments  of  Proust,  100  parts  of  the  protox- 
ide consist  of 

Cobalt 83£         100 

Oxygen 16$  19.8 


100  119.8 

And  100  of  the  peroxide  of 

Cobalt 75  100 

Oxygen 25  33.25 


100* 
Philosophical  Magazine,  xxx.  340. 
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The  black  or  peroxide,  heated  for  half  an  hour  at  the  bottom  of  a 
crucible,  loses  a  part  of  its  oxygen,  and  is  reduced  to  the  state  of 
protoxide. 

The  oxides  of  cobalt  require,  however,  farther  investigation. 
Klaproth  states  that  100  parts  of  cobalt  absorb  18  of  oxygen,  to  be 
convened  into  protoxide.  Bui  the  oxygen  of  the  peroxide  does 
not,  either  on  this  or  on  Proust's  data,  bear  the  proportion  to  the 
oxygen  in  the  protoxide,  which  might  be  expected  from  the  law 
ol  definite  proportions.  If  the  oxide,  described  by  Klaproth,  be 
really  that  which  is  composed  of  one  atom  of  metal  and  one  of  oxy- 
gen, the  atom  of  cobalt  will  weigh  41.5  ;  but  if  it  be,  as  Sir  H.  Davy- 
supposes,  a  deutoxide,  or  compound  of  one  atom  of  metal  with  two 
of  oxygen,  the  atom  of  cobalt  must  weigh  83.  On  the  first  suppo- 
sition, the  peroxide  should  be  constituted  of  100  metal  and  36  oxy- 
gen;  and,  on  the  second,  of  100  metal  and  25.8  oxygen  ;  and  as 
the  former  of  these  numbers  corresponds  most  nearly  with  expe- 
riment, we  may  consider  the  protoxide  as  the  first  combination 
ot  cobalt  and  oxygen,  and  the  atom  of  cobalt  to  be  represented 
by  41.5 

III.  The  best  solvents  of  cobalt  are  the  nitric  and  nitro-muriatic 
acids;  and  the  solutions  have  the  singular  property  of  forming  sym- 
patbetic  inks.  One  part  of  cobalt,  or,  still  better,  of  zaffre,  may  he 
digested, do  a  sand-heat,  for  some  hours,  with  four  parts  of  nitric 
acid.  To  the  solution,  add  one  part  of  muriate  of  soda  ;  and  dilute 
with  four  parts  of  water.  Characters  written  with  this  solution  are 
illegible  a  hen  cold  ;  but  when  a  gentle  heat  is  applied,  they  assume 
a  beautiful  blue  or  green  colour.*  This  experiment  is  rendered 
more  amusing,  by  drawing  the  trunk  and  branches  of  a  tree  in  the 
ordinary  manner,  and  tracing  the  leaves  with  a  solution  of  cobalt. 
The  tree  appears  leafless,  till  the  paper  is  heated,  when  it  sudden- 
ly becomes  covered  with  beautiful  foliage. 

IV.  Oxide  of  cobalt  is  precipitated  by  carbonated  alkalis  from 
the  nitric  solution,  at  first  of  a  peach  flower  colour,  and  afterwards 
of  a  lilac  hue.  The  crystals  of  nitrate  of  cobalt,  thrown  into  a 
flask  full  of  liquid  potash,  are  immediately  decomposed.  A  blue 
precipitate  is  formed,  which,  if  the  flask  be  immediately  closed, 
passes  to  violet,  and  afterwards  to  red,  by  becoming  the  hydrate  or 
hydro-oxide  of  cobalt.  This  compound  is  soluble  in  cold  carbonate 
of  potash  and  tinges  it  red.  The  oxide  is  not  soluble  in  this 
liquid.  The  hydrate  loses  from  20  to  2  1  fier  cent,  of  water  by  heat, 
and  is  reduced  to  protoxide. 

V.  Oxalic  acid  throws  down,  from  solutions  of  cobalt,  a  rose-co- 
loured precipitate. 

VI.  Cobalt  may  be  brought  to  combine  with  sulphur  and  with 
phosphorus ;  but  the  compounds  have  no  peculiarly  interesting 
properties.     The  sulphuret  is  composed,  according  to  Proust,  of 


*  For  some  ingenious  speculations  on  the  cause  of  these  phenomena,  consult 
Mr.  Hatchett's  paper  on  the  Carinthian  molybdate  of  lead.  (Philosophical 
Transactions,  1796.) 
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Cobalt     .     .     .     71.5     ...     100 
Sulphur       .     .     28.5     .     .     .       39.8 

100. 

This  confirms  the  view,  already  given,  of  the  atomic  constitu- 
tion of  the  protoxide,  for  the  oxygen,  which  it  contains,  is  not  far 
from  being  equal  to  half  the  sulphur  in  the  sulphuret. 

VII.  It  may  be  alloyed  with  most  of  the  metals,  with  the  excep- 
tion of  bismuth  and  zinc. 

Cobalt,  when  oxydized,  is  the  basis  of  zaffre.  This  is  general- 
ly prepared  by  roasting,  from  the  ore,  its  volatile  ingredients ;  and 
mixing,  with  the  remainder,  three  parts  of  sand,  or  calcined  flints. 
Zaffri',  when  fused,  forms  a  blue  glass ;  which,  when  ground  and 
washed,  is  the  substance  termed  smalts,  used  as  a  colouring  sub- 
stance for  linen,  and  for  imparting  a  blue  colour  to  glass. 


SECTION  XVIII. 

Manganese. 

I.  Manganese  never  occurs  in  a  metallic  state ;  the  black  sub- 
stance, known  by  that  name,  being  a  compound  of  manganese, 
with  a  large  proportion  of  oxygen.  The  metal  is  obtained,  by 
mixing  this  oxide,  finely  powdered,  with  pitch,  making  it  into  a 
ball,  and  putting  this  into  a  crucible,  with  powdered  charcoal,  one 
tenth  of  an  inch  thick  on  the  sides,  and  one  fourth  of  an  inch  deep 
at  the  bottom.  The  empty  space  is  then  to  be  filled  with  pow- 
dered charcoal,  a  cover  is  to  be  luted  on,  and  the  crucible  exposed, 
for  one  hour,  to  the  strongest  heat  that  can  be  raised. 

II.  This  metal  is  of  a  dusky  white  colour,  and  bright  and  shin- 
ing in  its  fracture.  Its  specific  gravity  was  found  by  Dr.  John  to  be 
8013.  It  is  very  brittle,  and  even  less  fusible  than  iron,  requiring 
a  heat  of  160°  Wedgwood  to  melt  it.  It  is  not  attracted  by  the 
magnet;  except  when  contaminated  with  a  small  quantity  of  iron. 
When  exposed  to  the  air  it  soon  crumbles  into  a  blackish  brown 
powder,  in  consequence  of  its  oxydation,  and  becomes  in  succes- 
sion grey,  violet,  brown,  and  finally  black. 

There  is  a  remarkable  want  of  agreement  in  different  statements 
of  the  composition  of  oxides  of  manganese,  and  even  of  the  num- 
ber of  those  oxides.  Sir  H.  Davy  admits  only  two,  one  of  a  dark 
olive  colour,  consisting  of  21  oxygen  to  79  metal;  the  other  of  a 
dark  brown  colour,  containing  almost  10  per  cent  more  of  oxygen.* 
Dr.  John,  in  a  memoir  published  in  the  2d  and  3d  volumes  of  Dr. 
Thomson's  Annals,  enumerates  three  oxides  of-manganese,  the 
green,  the  brown,  and  the  black.  The  green  is  formed  by  the  ac- 
tion of  metallic  manganese  on  water,  from  which  it  takes  oxygen, 

*  Elements  of  Chcm.  Phil.  36? 
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and  disengages  hydrogen  gas,  apparently  holding  some  of  the  me- 
tal in  solution.     He  finds  it  to  be  composed  of 


Manganese 
Oxygen     . 


87 
13 

100 


100 
14.942 


The  brown  oxide  was  formed  by  exposing  the  last  mentioned 
one  to  the  air,  till  it  ceased  to  gain  weight,  and  then  drying  it 
quickly.    Its  colour  was  pure  deep  brown,  and  it  was  composed  of 


Manganese 
Oxygen 


80 
20 

100 


100. 
25. 


The  third  or  black  oxide  was  prepared  by  dissolving  manganese 
in  nitric  acid,  evaporating,  and  drying  by  a  heat  sufficient  to  expel 
the  nitric  acid,  but  not  to  decompose  the  oxide.    It  consisted  of 


Manganese 
Oxygen 


71.33 
28.67 

100. 


100 
40.19 


The  brown  oxide  still  continued  to  absorb  oxygen,  when  ex- 
posed to  the  atmosphere  ;  but  the  black,  when  ignited,  gave  oxy- 
gen gas. 

Berzelius*  admits  the  composition  of  the  green  oxide,  as  stated 
by  Dr.  John,  with  a  slight  alteration  ;  but  corrects  the  numbers 
indicating  that  of  the  second  and  third,  and  adds,  also,  two  other 
oxides,  the  one  with  less  oxygen,  and  the  other  with  more,  than  any 
of  those  which  have  been  already  cited.  The  first  is  obtained  by 
exposing  metallic  manganese  in  a  vessel  loosely  corked  ;  but  there 
can  be  little  doubt,  from  its  properties,  that  it  is  a  mixture  of  the 
metal  and  the  green  oxide.  The  last  of  the  following  oxides,  is 
the  native  oxide  of  manganese,  which  is  become  important  from  its 
use  in  preparing  oxymuriatic  acid. 

Berzelius's  Table  of  the  Composition  of  Oxides  of  Manganese. 


Metal. 

Oxygen. 

Metal. 

Oxygen. 

1st  oxide     .     .     93.435     . 

6.565     .     . 

100   . 

.     7.0266 

2d  oxide  (green)  87.68 

.      12.32 

100   . 

.    14.0533 

3d  oxide  (brown)  78.10 

.     21.90 

100  . 

.   28.1077 

4th  oxide     .     .     70.50 

.     29.50 

.      100  . 

.  42.16 

5th  oxide     .     .     64.00 

.     36.00 

.      100   . 

.   56.215 

The  numbers  in  the  last  column,  it  may  be  observed,  stand  to 
each  other  in  the  proportion  of  1,  2,  4,  6,  8.     But  if  the  first  com- 

•  87  Ann.  de  China.  149. 
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pound,  (as  appears  to  me  probable,)  be  not  a  distinct  oxide,  the 
ratio  will  then  be  that  of  1,  2,  3,  4. 

The  oxides  of  manganese  may  be  combined  with  most  of  the 
acids.  When  the  green  or  protoxide  is  precipitated  from  its  solu- 
tion in  an  acid  by  a  carbonated  alkali,  we  obtain  a  snow  white  com- 
pound, which  is  a  carbonate  of  manganese.  It  is  composed,  ac- 
cording to  Dr.  John,  of 

Protoxide  of  manganese  .  .  .  55.84 

Water 10. 

Carbonic  acid 34.16 


100. 

Concentrated  sulphuric  acid  has  very  little  action  on  metallic 
manganese  ;  but  the  dilute  acid  dissolves  it  with  an  extrication 
of  hydrogen  gas,  which  has  a  peculiar  smell,  resembling  assa- 
foetida,  probably  from  its  holding  some  of  the  metal  in  solution. 
The  solution  has  a  light  rose  colour,  and  gives  crystals  of  the 
same  colour. 

The  pure  protoxide,  and  the  carbonate,  dissolve  in  the  sulphuric 
acid  in  any  state  of  concentration  ;  and  a  solution  is  obtained,  ex- 
actly resembling  that  which  has  been  described.  The  first  crys- 
tals, that  shoot  from  the  solution,  are  of  a  faint  rose  red  colour. 
The  last  are  white,  and  contain  a  great  excess  of  acid.  The  red 
crystals  are  soluble  in  2^  parts  water,  at  55°  Fahrenheit,  and  are 
insoluble  in  alcohol.  The  alkaline  carbonates,  prussiates,  and  phos- 
phates, occasion  a  white  precipitate  from  the  solution,  and  are 
almost  the  only  salts  that  decompose  this  sulphate.  It  is  compos- 
ed of 

Protoxide  of  manganese  31.00 
Sulphuric  acid  .  .  .  33.66 
Water 35.34 


100. 

Nitric  acid,  when  moderately  concentrated,  dissolves  metallic 
manganese  with  an  escape  of  nitrous  gas.  The  solution  is  colour- 
less ;  and  by  long  continued  evaporation,  the  acid  is  decomposed, 
and  a  black  oxide  is  left.  The  green  oxide  and  white  carbonate  also 
dissolve  readily  in  nitric  acid,  and  by  particular  management  crys- 
tals may  be  obtained  fron  the  solutions.  The  crystals  deliquiate  by 
exposure  to  the  air ;  and  on  the  application  of  heat,  melt,  and  are 
immediately  decomposed.  The  black  oxide  does  not  dissolve  in 
nitric  acid,  unless  a  little  sugar  is  added,  or  some  other  similar 
substance. 

The  action  of  muriatic  acid  is  most  important  on  the  black  na- 
tive oxide.  According  to  the  old  theory,  part  of  the  acid  acts  on 
one  portion  of  the  oxide ;  and  first  reduces  it  to  the  state  of  pro- 
toxide, and  then  dissolves  it;  affording  muriate  of  manganese. 
The  oxygen,  thus  liberated,  uniting  with  another  portion  of  muria- 
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tic  acid,  composes  oxymuriatic  acid.  But,  on  the  theory  of  chlo- 
rine, che  hydrogen  of  the  muriatic  acid  is  attracted  by  the  oxygen 
of  the  oxide,  and  the  chlorine  is  merely  set  at  liberty. 

When  the  muriate  of  manganese  is  evaporated  to  dryness,  and 
strongly  heated,  it  forms  brilliant  scales,  which,  according  to  Dr. 
John  Davy,  are  identical  with  the  compound  obtained  by  burning 
manganese  in  chlorine,  and  are  composed  of 

Manganese     .     54     .     .     100. 
Chlorine      .     .     46     .     .       85. 

100 

Muriate  of  manganese  is  a  deliquescent  salt ;  it  is  soluble  in  an 
equal  weight  of  water,  and  soluble,  also,  in  alcohol,  by  which  means 
it  may  be  separated  from  the  sulphate.  It  may  be  obtained  in  large 
tabular  crystals,  quite  transparent,  and  of  a  rose  colour.  If  con- 
sidered as  a  compound  of  muriatic  acid  and  oxide  of  manganese,  it 
may  be  stated  to  consist  of 

Protoxide  of  manganese  .  38.50 
Muriatic  acid  ....  20.04 
Water     ......     41.46 


100. 

Dr.  John  has  investigated,  also,  several  of  the  combinations  of 
oxide  of  manganese  with  vegetable  and  metallic  acids,  the  details 
of  which  are  contained  in  his  paper. 

The  black  oxide  of  manganese  has  some  properties,  which  ren- 
der it  the  subject  of  amusing  experiments. 

1.  It  imparts  to  borate  of  soda,  when  melted  with  it,  a  violet  co- 
lour. When  this  is  effected  by  the  blow-pipe,  the  colour  may  be 
destroyed  by  the  interior  flame,  and  again  reproduced  by  the  exte- 
rior one,  or  by  a  small  particle  of  nitre.* 

2.  When  black  oxide  of  manganese  and  nitre,  both  reduced  to 
powder,  are  mixed  together,  and  thrown  into  a  red-hot  crucible, 
the  nitric  acid  is  decomposed,  and  we  obtain  a  compound  of  highly 
oxydized  manganese  with  potash.  This  compound  has  the  singu- 
lar property  of  exhibiting  different  colours,  according  to  the  quanti- 
ty of  water  that  is  added  to  it.  A  small  quantity  gives  a  green  so- 
lution ;  a  farther  addition  changes  it  to  blue  ;  more  still  to  purple  ; 
and  a  still  larger  quantity  to  a  beautiful  deep  purple. f 

3.  The  experiment  may  be  varied,  by  putting  equal  quantities 
of  this  substance  into  two  separate  glass  vessels,  and  pouring  on 
the  one  hot,  and  on  the  other  cold  water.    The  hot  solution  has  a 

*  See  Klaproth,  vol.  i.  pa^e  243,  a. 

f  This  substance  may  be  very  conveniently  made  by  adding  a  small  quantity 
of  black  oxyd  of  manganese  to  the  nitre  employed  to  procure  oxygen  gas : 
The  manganese  is  left  in  the  retort,  combined  with  the  alkali  of  the  decompos- 
ed nitre.    Two  processes  may  thus  be  effected  at  the  same  time.    C. 
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beautiful  green  colour,  and  the  cold  one  is  of  a  deep  purple.  The 
same  material,  with  water  of  different  temperatures,  assumes  va- 
rious shades  of  colour,  depending  on  the  state  of  oxydation  of  the 
metal.  Hence  this  has  been  termed  the  chameleon  mineral.  This 
property  is  destroyed  by  a  very  small  quantity  of  sulphuret  of 
potash. 

III.  Manganese,  in  its  metallic  state,  cannot  be  brought  to  com- 
bine with  sulphur,  though  a  native  compound  of  these  two  sub- 
stances has  been  examined  by  Proust.  The  oxide,  however,  unites 
with  sulphur  by  fusion  in  the  proportion  of  eight  of  the  former  to 
three  of  the  latter  ;  and  a  compound  is  obtained  of  a  green  colour, 
which  gives  out  sulphuretted  hydrogen  gas  by  the  action  of  acids. 

IV.  Manganese  unites  with  most  of  the  metals,  and  composes 
alloys;  none  of  which  are  distinguished  by  important  properties. 


SECTION  XIX. 

Chrome. 

This  metal  is  found  in  an  acidified  state,  and  combined  with  ox- 
ide of  lead,  in  the  red-lead  ore  of  Siberia  ;  in  the  state  of  an  oxide, 
in  the  green  ore  accompanying  the  red  one  ;  and  in  the  emerald, 
to  which  it  communicates  its  green  colour,  and  in  some  meteoric 
stones.  A  compound  of  chromic  acid  with  oxide  of  iron  has,  also, 
been  discovered  in  France  and  in  America,*  and  is  a  much  more 
abundant  product  than  the  lead  ore  of  Siberia. 

I.  To  separate  the  fchromic  acid,  the  red-lead  ore,  reduced  to  pow- 
der, is  boiled  with  twice  its  weight  of  carbonate  of  potash.  An 
orange-yellow  solution,  composed  of  potash  and  chromic  acid,  is 
thus  obtained  ;  and  when,  to  this,  a  mineral  acid  is  added,  and  the 
liquor  is  evaporated,  we  obtain,  1.  the  salt  formed  by  the  acid, 
which  has  been  united  with  the  potash ;  2.  the  acid  of  chrome,  in 
long  ruby-coloured  prisms.  From  this  acid  the  chrome  may  be 
obtained  by  heating  it  with  charcoal,  in  the  manner  already  often 
described.  In  the  crucible  a  metallic  mass  is  found,  of  a  greyish 
white  colour,  formed  of  a  number  of  needles  crossing  each  other. 

II.  This  metal  is  very  brittle,  infusible,  and  fixed.  Its  specific 
gravity  is  5.9. 

III.  It  is  susceptible  of  three  states  of  oxydizement.  The  first. 
oxide  is  green,  the  second  brown,  and  a  farther  proportion  of  oxy- 
gen gives  the  chromic  acid.  The  precise  quantity  of  oxygen  in 
these  different  compounds  has  not  yet  been  ascertained. 

IV.  The  nitric  acid  alone  exerts  any  remarkable  action  on  this 
metal.  Repeated  distillation,  with  this  acid,  changes  chrome  into 
chromic  acid,  c.ombinable  with  alkalis.  The  chromates  of  alkalis 
precipitate  the  salts  of  lead,  of  a  beautiful  yellow  colour  ;  which,  if 

*  Thomson's  Annals,  v.  75. 
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it  could  be  procured  in  sufficient  quantity,  would  be  highly  valua- 
ble in  painting.*  Mercury  is  thrown  down,  of  a  cinnabar-red  hue; 
silver,  of  a  carmine-red;  and  all  its  metallic  combinations  are  dis- 
tinguished by  peculiar  brilliancy  of  colour.  The  emerald  derives 
its  colour  from  the  oxide  of  chrome  ;  and  the  spinelle  ruby  from 
the  acid.  This  property  of  imparting  colour  has  suggested  its 
name. 

The  combinations  of  the  chromic  acid  with  different  bases  have 
been  fully  investigated,  and  described  by  Vauquelin,  in  the  70th 
volume  of  the  Annates  de  C/iimie,  and  by  Dr.  John,  in  the  fourth 
volume  of  Thomson's  Annals  of  Philosophy. 


SECTION  XX. 

Molybdenum. 

I.  The  most  common  ore  of  molybdenum,  was  long  mistaken  for 
plumbago, or  carburet  of  iron,  to  which  it  bears,  externally  a  strong 
resemblance.  It  is,  in  fact,  a  combination  of  sulphur  and  the  oxide 
of  molybdenum.  These  two  components  may  be  separated,  by  re- 
peated distillation  with  nitric  acid.  To  the  ore  of  molybdenum, 
in  a  retort,  six  times  its  weight  of  nitric  acid  are  to  be  added,  and 
the  mixture  distilled  to  dryness.  This  process  must  be  repeated 
four  or  five  times  ;  and,  at  its  close,  both  the  sulphur  and  molybde- 
num will  be  acidified.  The  sulphuric  acid  is  expelled  by  heating 
the  mass  in  a  crucible ;  and  any  remaining  portions  are  to  be  wash- 
ed off  with  distilled  water.  The  residue  [niolybdic  acid)  is  a  white 
heavy  powder  ;  which  has  an  acid  and  metallic  taste;  has  the  speci- 
fic gravity  3.4;  is  soluble  in  about  1 000  parts  of  water;  and  forms 
salts  with  the  alkalis  and  earths.  The  acid  is  reduced  by  making 
it  into  a  paste  with  oil,  and  exposing  it,  bedded  in  charcoal  in  a  cru- 
cible, to  an  intense  heat.  Or  (as  Hielm  recommends)  the  ore 
of  molybdenum  may  be  repeatedly  roasted  in  a  moderate  red- 
heat,  till  the  whole  is  reduced  to  a  fine  powder,  which  may  be 
passed  through  a  sieve.  The  powder  is  to  be  dissolved  in  am- 
monia, the  solution  filtered,  and  evaporated  to  dryness.  The 
residuum,  being  moderately  heated  with  a  little  nitric  acid,  tjives 
a  white  powder,  which  is  the  pure  oxide  of  molybdenum.  This 
may  be  metallized  by  exposure  to  an  intense  heat  with  oil  or  pow- 
dered charcoal. 

II.  Molybdenum  has  a  whitish  yellow  colour,  but  its  fracture  is  a 
whitish  grey.  It  has  not,  hitherto,  been  obtained  in  any  form,  but 
that  of  small  brittle  grains.  It  is  almost  infusible  by  any  artificial 
heat.     Its  specific  gravity  is  8.611. 

*  This  is  accomplished  to  a  considerable  extent  in  the  United  States,  forming 
the  pigment  commonly  called  chromic  yellow.  From  the  property  possessed 
by  the  chromic  acid  of  forming  different  coloured  precipitates  with  the  differ- 
ent metals, it  will  probably  become  of  considerable  use  to  the  analytical  che- 
mist   C. 
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It  is  readily  oxydized  when  heated  in  contact  with  air,  and  is 
converted  into  a  white  oxide,  which  is  volatilized  in  small 
brilliant  needle-shaped  crystals.  This  compound  has  acid  pro- 
perties. 

III.  The  nitric,  nitro-muriatic,  and  oxy-muriatic  acids  are  the 
only  ones  that  act  on  molybdenum. 

IV.  The  muriatic,  and  other  acids,  act  on  its  oxides,  and  afford 
blue  solutions. 

There  appear  to  be  only  two  well  ascertained  compounds  of 
molybdenum  and  oxygen.  The  first  is  the  molybdic  acid  already 
described.     It  is  composed,  according  to  Bucholz,  of 

Molybdenum     .     .     .     66.7  100. 

Oxygen 33.3  50. 

100. 

Berzelius  states  the  metal  at  65.5,  and  the  oxygen  at  34.5  in  100 
grains. 

When  one  part  of  powdered  molybdenum,  and  two  parts  of  mo- 
lybdic acid,  are  triturated  in  boiling  water ;  then  filtered  ;  and  the 
solution  evaporated  at  a  temperature  not  exceeding  120°  Fahren- 
heit, we  obtain  a  fine  blue  powder,  which  is  molybdous  acid.  This 
acid  is  more  soluble  in  water  than  the  molybdic,  and  its  solu- 
tion reddens  vegetable  blue  colours.  It  is  stated  by  Bucholz  to 
consist  of 

Molybdenum    ....     74.5         100. 
Oxygen 25.5  34. 

100. 

It  seems  not  improbable  that  there  is  an  oxide,  containing  a 
smaller  proportion  of  oxygen  than  the  molybdous  acid ;  and  that 
this  acid  is  constituted  of  two  atoms  of  oxygen  to  one  of  metal.  On 
this  supposition  the  atom  of  molybdenum  must  weigh  about  44 ; 
and,  in  molybdous  acid,  it  must  be  combined  with  two  atoms  of  oxy- 
gen, weighing  15  ;  and  in  molybdic  acid  with  three  atoms,  weigh- 
ing 22.5.  The  oxide,  consisting  of  one  atom  of  metal  44,  and  one 
atomof  oxygen  7.5,  remains  to  be  investigated. 

The  molybdous  and  molybdic  acids  unite  with  salifiable  bases, 
and  form  distinct  classes  of  salts.  The  latter  acid  is  changed  into 
the  former  by  some  of  those  metals,  that  powerfully  attract  oxygen. 
Thus  a  solution  of  molybdic  acid,  in  which  a  small  rod  of  tin  or 
zinc  is  immersed,  becomes  blue,  in  consequence  of  the  partial  dis- 
oxygenation  of  the  acid  ;  and  on  the  same  principle  recent  muriate 
of  tin  throws  down,  from  molybdate  of  potash,  a  fine  blue  precipi- 
tate. The  molybdic  acid  decomposes  the  nitrates  of  silver,  mercury, 
and  lead  ;  and  the  nitrate  and  muriate  of  barytes. 

V.  Molybdenum  unites  readily  with  sulphur,  and  composes 
a  substance,  similar  to  the  one  from  which  the  metal  was  origin- 
ally obtained.  One  hundred  parts  of  the  metal  combine  with  67  of 
sulphur, 
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SECTION  XXI. 

Uranium. 

I.  This  metal  was  discovered  by  Klaproth,  in  a  mineral  which 
contains  uranium  combined  with  sulphur.  The  metal  is  separated 
from  the  sulphur,  first  by  roasting  ;  then  dissolving  the  ore  in  nitro- 
munatic  acid,  and  precipitating  by  an  alkali.  An  orange-coloured 
precipitate  is  obtained,  which  is  an  oxide  of  uranium.  This 
may  be  reduced  to  a  metallic  form,  in  the  same  manner  as  the 
moiybdic  acid. 

II.  Uranium  is  of  an  iron  grey  colour;  and  internally  of  a  red- 
dish brown.  It  has  only  been  obtained  in  small  grains  of  consider- 
able hardness  and  lustre.  Its  fusion  is  very  difficultly  effected.  It 
undergoes  no  change  by  exposure  to  air,  unless  strongly  healed, 
when  it  burns,  and  becomes  a  black  oxide. 

III.  The  metal  is  soluble  only  in  nitric  acid. 

IV.  Its  oxide,  when  precipitated  by  potash  from  nitric  acid,  is  of 
a  yellow  colour,  and  dissolves  in  acids.  It  is  precipitated  by  alka- 
lis; and  is  thrown  down,  of  a  reddish  brown  colour,  by  prussiates. 
Sulphuret  of  ammonia  gives  a  brownish  yellow  precipitate;  and 
tincture  of  galls,  a  chocolate  brown  one. 

V.  The  yellow  oxide  of  uranium  is  insoluble  in  alkalis,  which 
distinguishes  it  from  the  oxide  of  tungsten.  It  is  soluble,  however, 
by  alkaline  carbonates. 

There  appear  to  be  two  oxides  of  uranium,  the  yellow  one,  which, 
retains  its  colour  when  heated  alone,  and  becomes  the  black  oxide, 
when  heated  with  a  little  oil.  The  first,  according  to  Bucholz, 
consists  of  80  metal  and  20  oxygen ;  but  the  composition  of  the 
black  oxide  is  not  yet  determined. 


SECTION  XXII. 

Tungsten. 

I.  Tungsten  may  be  obtained  from  two  different  minerals.  The 
one,  consisting  of  the  tungstic  acid,  united  with  lime,  is  called  sim- 
ply tungsten.  In  the  other,  termed  Wolfram,  it  is  united  with  iron 
and  manganese.  Its  extraction  from  the  former  is  the  most  simple 
process.  One  part  of  the  tungstate  of  lime,  and  four  of  carbonate  of 
potash,  are  fused  together,  and  the  mass  is  dissolved  in  12  parts  of 
boiling  water.  Nitric  acid  is  then  added,  which  unites  with 
the  potash,  and  precipitates  tungstic  acid.  This  acid,  when 
reduced  in  the  usual  manner,  yields  tungsten ;  but  the  process 
of  its  reduction  is  a  very  difficult  one,  and  frequently  fails  of 
success. 

The  tungstic  acid  may,  also,  be  obtained  from  Wolfram,  by  fusion 
with  three  times  -its  weight  of  nitrate  of  potash  ;  or  with  twice  its 
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weight  of  carbonate  of  potash.  The  fused  mass,  dissolved  in  boiling 
water,  and  filtered,  gives,  on  the  addition  of  nitric  acid,  a  precipi- 
tate of  tungstic  acid  ;  or  Wolfram,  reduced  to  a  fine  powder,  may  be 
boiled  with  three  times  its  weight  ot  muriatic  acid.  As  soon  as 
the  acid  becomes  hot,  a  yellow  powder  appears,  and  the  liquid  be* 
comes  brown.  When  cold,  decant  the  clear  liquid,  and  wash  the 
sediment  repeatedly  with  water;  then  digest  it,  for  some  hours, 
with  liquid  ammonia,  which  will  take  up  a  part.  Repeat  these  ope- 
rations, till  they  cease  to  act  on  the  substance.  Evaporate  the  am- 
moniacal  solution  to  dryness,  and  calcine  the  salt.  The  acid  of  tung- 
sten remains,  in  the  proportion  of  more  than  half  the  weight  of 
Wolfram  which  has  been  employed. 
II.  Tungsten  has  the  following  characters: 

1.  It  has  a  greyish  white  colour,  like  that  of  iron,  and  a  good 
deal  of  brilliancy.  It  is  not  magnetic.  Its  specific  gravity,  ac- 
cording to  D'Elhuyarts,  is  17.6;  or,  according  to  Messrs.  Allen 
and  Aikin,  17.22.  It  is  only,  therefore,  surpassed  in  density  by- 
gold  and  platina. 

2.  It  is  extremely  hard  and  brittle.  It  requires,  for  fusion,  a 
temperature  of  at  least  170°  Wedgwood. 

3.  It  is  oxydized  by  the  action  of  heat  and  air.  Its  first  oxide  is 
black.  The  second  is  yellow,  and  is  commonly  termed  tungstic 
acid. 

4.  The  tungstic  acid  has  no  taste  ;  has  the  specific  gravity  6.12; 
is  difficultly  fusible;  is  insoluble  in  water;  but  remains  suspended 
in  it,  and  in  this  state  has  no  action  on  vegetable  colours.  Exposed 
to  heat  in  a  platina  spoon,  it  assumes  a  deep  green  colour.  Cal- 
cined with  the  contact  of  air,  its  yellow  colour  becomes  deeper,  and 
passes  to  a  gi'een,  and,  after  some  hours,  grey.  The  deficiency  of 
several  acid  properties  induced  Vauquelin  to  withdraw  it  from  the 
class  of  acids,  and  to  arrange  it  among  the  oxides. 

The  tungstic  acid  is  composed,  as  appears  from  the  experiments 
of  Bucholz,  of  20  parts  oxygen  and  80  metal ;  and  the  tungstate  of 
lime  was  shown  by  Klaproth,  to  contain  per  cent.  77,75  parts  of 
acid,  and  22.25  of  lime. 


FOURTH  CLASS. 

REFRACTORY    METALS. 

SECTION  XXIII. 

Titanium. 


I.  Titanium  is  obtained  from  a  mineral  found  in  Hungary,  Sec. 
called  red  schorl,  or  titanite  ;  and,  also,  in  a  substance  from  Corn- 
wall, termed  menachanite.    It  was  in  the  latter  substance  that  it 

3  K 
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was  originally  discovered  by  Mr.  Gregor  of  Cornwall;  and  its  cha- 
racters have  since  been  more  fully  investigated  by  Klaproth, 
Vauquelin  and  Hecht.  Lovitz,  and  Lampadius.  To  separate  ii  from 
the  first  compound,  the  mineral  is  to  be  reduced  to  powder,  and 
fused  with  twice  itb  weight  of  potash.  When  the  fused  mass,  after 
cooling,  is  dissolved  in  water,  a  white  oxide  of  titanium  remains. 
To  free  it  from  iron,  Laugier  dissolved  it  in  muriatic  acid,  and  add- 
ed oxalic  acid,  which  separates  a  white  flocculent  precipitate  of 
oxalate  of  titanium.*  The  oxalic  acid  in  this  may  be  destroyed  by 
calcination. 

Menachaniteis  to  be  first  fused  with  potash  in  a  similar  manner; 
and  to  the  alkaline  solution,  muriatic  acid  is  to  be  added.  This  dis- 
solves the  oxide  of  iron,  and  precipitares  the  white  oxide  of  tita- 
nium, still,  however,  contaminated  by  some  iron. 

II.  The  oxide  of  titanium  is  reduced,  by  exposure  to  an  intense 
heat,  moistened  with  oil,  and  surrounded  by  powdered  charcoal.  A 
blackish  blistered  substance  is  obtained,  some  points  of  which  have 
a  reddish  colour.  Lampadius  states  its  colour  to  be  that  of  copper, 
but  deeper  ;  and  its  lustre  to  be  considerable.  It  is  brittle,  but 
when  in  thin  plates,  has  considerable  elasticity.  When  this  is  boil- 
ed with  nitric  acid,  no  remarkable  effect  ensues,  but  the  bright 
spots  disappear,  and  are  succeeded  by  a  white  compound.  Nitro- 
muriatic  acid  forms,  also,  a  white  powder,  which  remains  suspend- 
ed in  it.  Sulphuric  acid  exhibits  a  similar  appearance ;  sulphur- 
ous acid  is  disengaged;  and  the  titanium  is  partly  changed  to  a 
white  oxide,  and  partly  dissolved.  Muriatic  acid  dissolves  tita- 
nium, but  not  its  oxide. 

III.  The  solution  of  titanium  gives  a  white  precipitate  with  car- 
honates  of  alkali ;  a  grass  green,  mixed  with  brown,  with  prussiate 
of  potash  ;  and  a  dirty  dark  green,  with  hydro-sulphurets.  Infu- 
sion of  galls  precipitates  a  reddish  brown  substance,  which,  if  the 
solution  be  concentrated,  has  the  appearance  of  coagulated  blood. 
A  rod  of  tin,  immersed  in  the  solution,  imparts  to  the  liquid  around 
it  a  fine  red  colour  ;  and  a  rod  of  zinc  a  deep  blue  one. 

IV.  Titanium  tarnishes  by  exposure  to  the  atmosphere,  and  is 
oxydized  when  heated  with  access  of  air.  It  is  susceptible  of  three 
stages  of  oxydizement.  The  first  oxide  is  blue  or  purple,  the  se- 
cond red,  and  the  third  white.  The  white  oxide  is  the  only  one, 
with  the  composition  of  which  we  are  accurately  acquainted.  It  has 
been  shown,  by  Vauquelin  and  Hecht,  to  consist  of  89  parts  of  the 
red  oxide  and  1 1  parts  of  oxygen. 

V.  Titanium  appears  to  be  incapable  of  uniting  with  sulphur; 
but  Mr.  Chenevix  has  succeeded  in  combining  it  with  phos- 
phorus. 

The  only  alloy  of  any  consequence,  which  it  forms,  is  with  iron. 
It  is  of  a  grey  colour,  interspersed  with  brilliant  particles,  and  is 
quite  infusible. 


*  89  Ann.  de  Chim.  306 
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SECTION  XXIV. 

Columbium  and  Tantalum. 

Columbium  was  discovered  by  Mr.  Hatchett,  in  a  mineral  be. 
longing  to  die  cabinet  of  the  British  Museum,  supposed  to  be 
brought  from  Massachusetts,  in  North  America.  By  alternate  fu- 
sion with  potash,  and  digestion  with  muriatic  acid,  the  mineral  was 
decomposed  ;  the  acid  combining  with  oxide  of  iron,  and  the  aikali 
with  a  peculiar  metallic  acid,  separable  by  the  addition  of  diluted 
nitric  acid,  which  threw  down  a  copious  white  sediment. 

This  acid  has  not  yet  been  reduced;  but  from  its  properties, 
there  can  be  little  doubt  that  it  has  a  metallic  base.  It  is  insoluble 
in  nitric  acid  ;  but  when  fresh  precipitated,  it  combines  both  with 
the  sulphuric  and  muriatic.  It  unites  also  with  alKalis  :  and  both 
solutions  are  colourless.  Prussiate  of  potash  gives  an  olive-co- 
loured precipitate ;  tincture  of  galls,  a  deep  orange  ;  and  hydro- 
sulphuret  of  ammonia,  one  of  a  chocolate  colour. 

Tantalum. 

This  metal  was  discovered  by  Mr.  Ekeberg,  an  eminent  Swedish 
chemist,  in  two  different  fossils,  called  Tantalite  and  Yttro-tanta- 
lite,  both  of  which  are  found  in  Finland.  In  the  one  it  occurs  com- 
bined with  iron  and  manganese  ;  in  the  other,  with  the  earth  called 
yttria.*  From  these  ores  it  is  obtained,  by  treating  them  alter- 
nately with  caustic  fixed  alkali,  and  muriatic  or  nitro-muriatic  acid 
The  alkaline  solution,  being  supersaturated  with  an  acid,  lets  fall  a 
white  powder  which  is  oxide  of  tantalum.  The  followim*  are  the 
characteristic  properties  of  tantalum,  as.  enumerated  by  Mr.  Eke-, 
berg : 

1.  It  is  not  soluble  in  any  acid,  even  the  nitro  muriatic,  in  what- 
soever state  the  mineral  is  taken,  and  whatever  means  are  em- 
ployed. 

2.  Fixed  alkalis  attack  it  when  fused  with  it  in  considerable  ex- 
cess, and  dissolve  a  considerable  quantity,  which  may  afterwards 
be  precipitated  by  acids,  even  by  the  carbonic 

3.  The  oxide  of  this  metal  is  white,  and  does  not  acquire  any 
colour,  by  exposure  to  a  high  temperature  with  access  of  air.  Its 
specific  gravity,  after  being  made  red-hot,  is  6.500. 

4.  It  melts  with  phosphate  of  soda,  and  with  borax,  but  does  not 
impart  to  them  any  colour. 

5.  The  oxide  of  tantalum,  ignited  with  charcoal,  melts  and 
agglutinates.  It  then  presents  a  metallic  lustre,  and  a  shining 
fracture  of  a  greyish  black  colour.  Acids  change  it  again  into,  a 
white  oxide. 

Though  the  oxides  of  tin  and  of  tungsten  are  equally  soluble 
with  that  of  tantalum  in  fixed  alkalis,  yet  the  former  is  easily  re« 

*  See  Annalgs  de  Cfaimie,  zliii.  2JU 
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duced,  furnishing  a  ductile  metal ;  and  the  oxide  of  tungsten  dis- 
solves in  ammonia,  is  changed  to  a  yeliovv  colour  by  acids,  and  com- 
municates colour  to  phosphate  of  soda  and  borax.  The  oxide  of 
titanium  differs  from  this,  in  being  soluble  by  acids,  and  in  tinging; 
borax  and  phosphoric  salts,  when  fused  with  them. 

Considerable  doubts  had  been  entertained  by  several  chemists, 
whether  any  essential  difference  exists  between  columbium  and 
tantalum ;  and  their  identity  appears  now  to  be  sufficiently  esta- 
blished by  the  experiments  of  Dr.  VVollaston.*  Having  procured 
specimens  ot  the  tantalite  and  yttro-tantalite,from  which  tantalum 
may  be  separated,  he  compared  its  properties  with  those  of  oxide 
of  columbium,  furnished  by  Mr.  Hatchett,  and  obtained  from  a 
specimen  in  the  British  Museum. 

The  external  characters  of  the  mineral,  which  yields  colum- 
bium, closely  accord  with  those  of  tantalite.  Both,  also,  yield  a 
White  oxide,  combined  with  iron  and  manganese,  and  as  nearly  as 
possible  in  the  same  proportion.  The  white  oxide,  though  not 
absolutely  insoluble  in  sulphuric,  nitric  and  muriatic  acids,  is  (from 
which  ever  mineral  it  has  been  obtained)  very  nearly  so.  Its  ap- 
propriate solvent  is  potash,  which  does  not  require  to  be  absolute- 
ly free  from  carbonic  acid.  The  whole  of  the  oxide,  thus  dissolved, 
may  be  precipitated  by  an  acid,  and  it  is  not  re-dissolved  by  an  ex- 
cess of  acid.  The  oxides  from  both  minerals  agree,  also,  in  being 
soluble,  when  fresh  precipitated,  by  oxalic,  tartaric  and  citric  acids. 
Ekeberg,  however,  we  are  informed  by  Berzelius,t  discovered  in  a 
sample  of  the  mineral  from  the  British  Museum,  a  considerable 
quantity  of  tungstic  acid,  to  which  it  owes  its  acid  properties, 
and  its  other  constituent  he  found,  with  Dr.  Wollaston,  to  be  oxide 
of  tantalum. 

Infusion  of  galls,  prussiate  of  potash,  and  hydro-sulphuret  of  pot- 
ash, occasion  no  precipitation  from  the  alkaline  solution  of  either 
of  these  oxides  ;  and,  when  a  sufficient  quantity  of  acid  has  been 
added  to  neutralize  the  redundant  alkali,  infusion  of  galls  only 
throws  down  a  precipitate  which,  in  both  cases,  is  of  an  orange 
colour.  From  these  coincidences,  there  can  be  little  room  to  doubt 
of  the  identity  of  tantalum  with  the  characteristic  ingredient  of 
columbium. 

SECTION  XXV. 

Cerium. 

I.  Cerium  was  discovered,  by  Messrs.  Berzclhis  and  Hisinger 
of  Stockholm,  in  a  mineral   from   Bastnas,  in  Sweden,  which  had 

*  "Mr.  Freysmuth  has  discovered  columbium  in  Bohemia.  He  extracted  it 
from  a  mineral  which  had  been  hitherto  regarded  as  a  native  sulphuret  of  zinc, 
and  also  for  nigrin,  which  it  resembles.  The  author  thinks  that  tantalium  and 
columbium  are  very  different  metals,  notwithstanding  the  resemblances  vhioh. 
Wollaston  found  between  them."    Tilloch's  Philos.  Mag.  vol  xlvii.  157'.    C. 

\  Thomson's  Annals,  iv.  467. 
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been  supposed  to  be  an  ore  of  tungsten.  This  discovery  has  been 
since  confirmed  by  Vauquelin;  who  after  a  careful  examination  of 
the  mineral,  concurs  in  opinion,  that  it  contains  the  oxide  oi  an  un- 
known metal.  From  the  planet  Ceres,  discovered  about  the  same 
period,  it  has  been  called  Cerium;  and  the  mineral  that  contains  it 
is  termed  Cerite.* 

II.  To  obtain  the  oxide  of  this  new  metal,  the  cerite  is  dissolved 
in  nitro-muriatic  acid,  after  being  calcined  and  pulverized.  The 
solutionis  filtered,  neutralized  with  pure  potash,  and  then  precipi- 
tated by  tai  trite  of  potash  ;  or,  as  Laugier  recommends,  by  oxalic 
acid.  This  precipitate,  well  washed,  and  afterwards  calcined,  is 
the  oxide  ot  cerium.  The  white  oxide  has  been  recently  deter- 
mined by  Hisinger,t  to  consist  of 

Cerium      ....     85.088  100 

Oxygen     ....     14.912  17.41 


100. 

And  the  red  or  peroxide  is  composed  of 

Cerium      ....     79.29  100 

20.71  26.115 


100. 


III.  Cerium  appears  to  be  susceptible  of  two  stages  of  oxydize - 
ment ;  the  first  oxide  being  white,  and  the  second  of  a  fallow  red. 
The  white  oxide,  by  calcination,  becomes  red. 

IV.  Sulphuric  acid,  diluted  with  four  times  its  weight  of  water, 
dissolves  the  red  oxide.  The  solution,  on  being  evaporated,  yields 
crystals,  some  of  which  are  orange,  and  others  have  a  lemon-yel- 
low colour.  The  sulphate  is  soluble  only  by  an  excess  of  acid.  Its 
taste  is  saccharine  mixed  with  acid. 

V.  Sulphuric  acid  readily  unites  with  the  white  oxide  ;  the  solu- 
tion is  nearly  colourless,  but  has  a  slight  rosy  tinge.  It  has  a  sac- 
charine taste,  unmixed  with  acidity,  and  yields  white  crystals. 

VI.  Nitric  acid  unites  most  easily  with  the  white  oxide.  The 
solution  is  very  sweet,  and  is  not  crystallizable.  When  decom- 
posed by  heat,  it  leaves  a  brick-coloured  oxide. 

VII.  Muriatic  acid  dissolves  the  red  oxide ;  and  the  solution 
crystallizes  confusedly.  The  salt  is  deliquescent ;  soluble  in  an 
equal  weight  of  water  ;  and  in  three  or  four  parts  of  alcohol.  When 
this  solution  is  concentrated,  it  burns  with  a  yellow  sparkling 
flame.  The  dry  salt  consists  of  100  parts  of  muriatic  acid  united 
with  197.5  of  oxide  of  cerium. 

An  infusion  of  galls  produces,  in  muriate  of  cerium,  a  yellowish 
precipitate  not  very  abundant.  A  few  drops  of  ammonia  throw 
down  a  very  voluminous  one  of  a  brown  colour,  which  becomes 
black  and  brilliant,  by  desiccation.  By  the  action  of  heat,  it  as- 
sumes a  brick-red  colour. 

*  See  Nicholson's  Journal,  xii  f  Thomson's  Annals,  iv.  357. 
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VIII.  Oxide  of  cerium  unites  readily  win  carbonic  acid.  This 
union  is  best  effected,  by  precipitating  a  solution  of  the  oxide  wuh 
carbonate  of  potash.  An  effervescence  ensues;  and  a  white  and 
light  precipitate  is  formed,  which  assumes,  on  drying,  a  silvery  ap- 
pearance. It  contains  per  cent  57.9  parts  of  protoxide,  19.1  of 
water,  and  23  of  carbonic  acid. 

IX.  Sulphuretted  hydrogen  does  not  unite  with  cerium. 

X.  The  attempts  of  Vauquelin  to  reduce  the  oxide  of  cerium, 
produced  only  -\  small  metallic  globule,  not  larger  than  a  pin's 
head.  This  globule  was  not  acted  upon  by  any  of  the  simple 
acids;  but  it  was  dissolved,  though  slowly,  by  nitro-muriatic  acid. 
The  solution  was  reddish,  and  gave  traces  of  iron  ;  but  it  also  gave 
evident  marks  of  cerium,  by  the  white  precipitate  which  tartrite 
of  potash  and  oxalate  of  ammonia  threw  down.  The  metallic  glo- 
bule, also,  was  harder,  whiter,  and  much  more  brittle,  and  more 
scaly  in  its  fracture,  than  pure  cast  iron. 

XI.  Hence  cerium  appears  to  be  a  volatile  metal,  unless  it  is 
volatilized  in  the  state  of  an  oxide,  which  remains  to  be  ascertain- 
ed by  future  experiments. 


CHAPTER  XX. 

VEGETABLE  SUBSTANCE6. 

VEGETABLE  substances,  though  they  are  all  distinguished 
from  each  other  by  peculiar  characters,  present  several  circum- 
stances of  agreement  in  chemical  properties.  Oxygen,  hydrogen, 
and  carbon  are  their  principal  ingredients,  to  which  a  certain  pro- 
portion of  nitrogen  is  occasionally  added;  and  variations  in* the 
proportions,  and  mode  of  combination,  of  these  elements,  cause 
the  great  diversity,  which  subsists  among  the  products  of  the  ve- 
getable kingdom.  They  are  all  susceptible  of  decomposition  by 
heat  alone  ;  but  we  cannot,  as  in  bodies  of  the  mineral  kingdom, 
proceed  from  a  knowledge  of  their  components  to  the  actual  forma- 
tion of  the  substances  themselves.  It  is  not  probable,  indeed,  that 
we  shall  ever  attain  the  power  of  imitating  nature  in  these  opera- 
tions. For  in  the  functions  of  a  living  plant,  a  directing  principle 
is  concerned,  peculiar  to  animated  bodies,  and  superior  to,  and 
differing  from,  the  cause  which  has  been  termed  chemical  affinity. 

The  distinction  (as  has  been  well  observed  by  Berzelius*)  be- 
tween inorganic  and  organic  compounds  appears  to  be  this.  The 
former  are  composed  either  of  combustible  or  of  oxidized  bodies; 
and,  when  of  the  latter,  each  combustible  base  is  united  with  a  por- 
tion of  oxygen,  which  belongs  exclusively  to  it,  and  which  accom- 
panies it,  when  it  is  detached  from  combination.  Organic  com- 
pounds, also,  contain  oxygen ;  but  in  these,  we  have  several  com- 
bustible bases-,  united  to  one  portion  of  oxygen,  which  cannot  be 

*  80  Ann.  de  Chim.  37. 
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said  to  belong  more  to  the  one,  than  to  the  other;  and  which 
would  not  suffice  to  bring  any  one  of  those  bases  to  its  maximum 
of  oxidation. 

The  productions,  of  which  I  am  about  to  offer  the  chemical  his- 
tory, may  be  regarded  as  the  immediate  or  firoximate  principles  of 
vegetables ;  tor  we  may  presume,  generally  speaking,  that  they 
exist  in  the  living  plant  in  a  state  identical  with  that,  under  which 
chemical  processes  exhibit  them.  It  is  not  so  when  we  proceed 
to  the  ultimate  analysis  of  vegetables;  for,  in  that  case,  we  obtain 
compounds,  which  formed  no  part  of  the  vegetable  structure,  and 
which  result  from  a  new  arrangement  of  the  elements  composing; 
it.  Acetic  and  carbonic  acids,  for  example,  are  obtained  by  the 
destructive  distillation  of  several  vegetable  substances,  in  which 
neither  of  these  acids  existed  ready  formed,  but  only  their  ele- 
ments. 

The  destructive  distillation  of  vegetables  was,  till  lately,  the  on- 
ly method  employed  to  determine  the  proportion  of  their  ultimate 
elements ;  but  more  refined  and  perfect  modes  of  analysis  have 
lately  been  practised  by  Gay  Lussac  and  Thenard,  which  have  af- 
forded results,  much  more  deserving  of  confidence.  Their  pro- 
cess consists  in  effecting  the  combustion  of  vegetable  substances, 
in  close  vessels  of  a  peculiar  construction,  by  means  of  hyper-oxy- 
muriate  of  potash. 

The  following  general  laws,  respecting  the  composition  of  ve- 
getable bodies,  have  been  deduced,  by  those  philosophers,  from 'a 
general  review  of  their  experiments. 

I.  A  vegetable  substance  is  always  acid,  when  the  oxygen, 
which  it  contains,  is  to  the  hydrogen,  in  a  proportion  greater  than 
is  necessary  to  compose  water. 

II.  A  vegetable  substance  is  always  resinous,  or  oily,  or  alco- 
holic, Sec,  when  the  oxygen,  contained  in  it,  is  to  the  hydrogen,  in 
a  less  proportion  than  in  water. 

III.  A  vegetable  substance  is  neither  acid  nor  resinous,  but  in 
a  state  analogous  to  sugar,  gum,  starch,  lignin,  Sec,  whenever  oxy- 
gen and  hydrogen  enter  into  its  composition  in  the  same  propor- 
tion as  in  water. 

Without  supposing  then,  that  oxygen  and  hydrogen  exist,  as 
water,  in  vegetables,  we  may,  for  the  sake  of  illustration,  consider 
vegetable  acids,  as  constituted  of  carbon,  water,  and  oxygen  ; — the 
resins,  alcohol,  ether,  Sec,  as  composed  of  carbon,  water,  and  hy- 
drogen ; — and  bodies  of  the  third  class,  as  composed  of  carbon  and 
water  only. 

The  products  of  the  vegetable  economy  arc  either  situated  in 
particular  organs  or  vessels,  or  are  distributed  throughout  the 
whole  plant.  Sometimes  they  reside  in  the  root  or  stalk  ;  at  others 
in  the  bark  or  leaves;  at  others  they  are  peculiar  to  the  fruit,  the 
flowers,  the  seeds,  or  even  to  particular  parts  of  these  organs. 
When  thus  insulated,  they  may  readily  be  procured  in  a  separate 
state;  and,  in  several  instances,  nothing  more  is  required  than  the 
labour  of  collecting;  them.  Thus  gum  exudes  from  some  trees, 
and  manna  issues  from  the  branches  of  others.     Sometimes,  how- 
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ever,  we  are  presented  with  a  variety  of  substances  mingled  toge- 
ther, and  requiring  separation  by  processes  which  are  sufficiently 
simple,  and  which  consist  in  repose,  filtration,  pressure,  washing, 
distillation  at  a  gentle  heat,  solution  by  water  and  alcohol,  and  si- 
milar operations,  that  do  not  alter  the  nature  of  the  bodies  sub- 
mitted to  them. 

The  number  of  principles,  which  have  thus  been  extracted  from 
vegetables,  has  of  late  years  been  greatly  enlarged,  and  amounts 
at  present  to  between  thirty  and  forty.  Of  .these,  the  greater  part 
are  certainly  entitled,  by  a  train  of  properties  sufficiently  charac- 
teristic, to  rank  as  distinct  compounds.  But  others  seem  to  be  so 
nearly  allied  to  substances,  with  which  we  have  long  been  acquaint- 
ed, that  it  can  serve  no  useful  purpose  to  assign  them  a  different 
place  in  the  system.  The  unnecessary  multiplication,  indeed,  of 
vegetable  principles,  contributes  rather  to  retard  than  to  advance 
the  progress  of  this  difficult  part  of  chemistry ;  and  it  is  only  in 
cases  of  decided  and  unequivocal  differences  of  qualities,  that  we 
should  proceed  to  the  establishment  of  new  species. 


SECTION  I. 

Vegetable  Extract. 

The  term  Vegetable  Extract  is  not  to  be  understood  in  the 
sense  which  is  generally  annexed  to  it,  as  comprehending  all  those 
parts  of  vegetables  which  may  be  dissolved  in  water,  and  obtained 
in  a  solid  form  by  evaporating  the  solution ;  but  is  now  limited  to 
a  distinct  and  peculiar  substance.  This  substance  may  be  obtain- 
ed by  evaporating,  at  a  temperature  below  212°,  an  infusion  of  saf- 
fron, prepared  with  boiling  distilled  water.  Extract,  thus  procured, 
has  the  following  properties  : 

1.  It  is  cohesive,  of  a  brownish  colour,  and  generally  of  a  bit- 
terish taste,  varying  with  the  plant,  from  which  it  has  been  ob- 
tained. 

2.  It  is  soluble  in  cold  water,  but  more  copiously  in  hot ;  and  the 
solution  is  always  coloured.  Hence  the  decoctions  of  certain  sub- 
stances (Peruvian  bark  for  example)  become  turbid  on  cooling. 
The  solution,  exposed  for  a  long;  time  to  the  air,  acquires  a  mouldy 
pellicle,  and  undergoes  a  sort  of  putrefaction. 

3.  When  a  solution  of  extract  is  slowly  evaporated,  it  affords  a 
semi-transparent  mass ;  but  rapid  evaporation  renders  it  perfectly 
opake.  By  repeated  solutions  in  water,  and  evaporations,  it  ac- 
quires a  deeper  colour,  and  loses  its  property  of  being  soluble  in 
water,  apparently  in  consequence  of  absorbing  oxygen  from  the  air. 

4.  Extract  exposed  to  the  atmosphere,  slowly  imbibes  moisture  ; 
or  is  imperfectly  deliquescent. 

5.  It  is  soluble  in  alcohol  and* in  liquid  alkalis,  but  nei'her  in 
ether  nor  in  acids,  which  last  even  precipitate  it  from  its  solution 
in  water. 
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6.  Oxy-muriatic  acid,  poured  into  a  solution  of  extract,  precipi- 
tates a  dark  yellow  powder,  which  is  no  longer  soluble  in  water, 
but  dissolves  in  hot  alcohol. 

7.  Extract  has  an  affinity  for  alumine.  When  the  sulphate  or 
muriate  of  this  earth  is  poured  into  one  of  extract,  a  precipitate 
appears,  especially  if  the  mixture  be  boiled.  When  linen  or 
woollen  thread,  previously  impregnated  with  a  solution  of  alum, 
is  boiled  with  a  solution  of  extract,  the  thread  is  dyed  a  fawn  co- 
lour, and  the  extract  disappears  in  great  part  from  the  liquor. 

8.  Muriate  of  tin,  and  several  other  metallic  salts,  also  precipi- 
tate extract,  their  oxides  forming  with  it  insoluble  compounds. 

9.  Extract  is  not  precipitated  by  a  solution  of  tan. 

These  are  the  properties  of  extract,  in  the  purest  form  under 
which  we  have  yet  procured  it.  As  commonly  obtained,  however, 
it  is  combined  with  one  or  more,  and  frequently  with  a  great  num- 
ber of  other  principles.  In  the  sap  of  plants,  ii  exists  united  with 
mucilage,  gallic  acid,  tan,  acetate  of  potash,  and  other  neutral  salts. 
Of  the  substance  called  catechu,  it  forms,  according  to  the  experi- 
ments of  Sir  H.  Davy,  a  considerable  part ;  and  being  not  easily 
dissolved  by  cold  water,  may  be  obtained  by  washing  off  the  more 
soluble  parts.  The  infusions,  also,  of  most  vegetable  substances, 
hold  extract  in  solution  united  with  other  principles. 

From  a  recent  series  of  experiments,  Dr.  Bostock  is  disposed  to 
doubt  whether  there  be  any  distinct  principle,  to  which  the  title  of 
extract  can  with  propriety  be  given.  The  re-agents,  he  finds,  which 
have  been  pointed  out  as  tests  of  extract,  act  also  upon  tan ;  and 
the  processes,  for  separating  extract  from  the  other  parts  of  vege- 
table infusions,  appear  to  him  to  be  founded  upon  incorrect  assump- 
tions.   He  has  not,  however,  examined  the  extract  from  saffron.* 


SECTION  II. 

Mucilage,  or  Gum. 

This  substance,  termed  mucilage  when  fluid,  is,  in  a  solid  state, 
generally  known  by  the  name  of  gum.  Gum  arabic  may  be  taken 
as  an  example.  It  appears,  however,  from  Dr.  Bostock's  experi- 
ments, that  there  is  a  considerable  variety  in  the  chemical  proper- 
ties of  different  mucilages. 

1.  Gum  is  dry,  brittle,  and  insipid,  and  undergoes  no  change  by 
exposure  to  the  atmosphere,  except  that  the  action  of  light  de- 
stroys the  yellow  colour,  which  it  frequently  exhibits.  Its  specific 
gravity  varies  from  1300  to  1490. 

2.  It  is  readily  soluble  in  water,  and  forms  a  viscid  solution, 
which  may  be  kept  a  long  time  without  undergoing  any  change; 
but  finally  becomes  sour. 

*  Pee  Nicholson's  Journal,  xxiv.  234. 
3  L 
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3.  It  is  insoluble  in  alcohol  and  in  ether,  the  former  of  which 
precipitates  it  from  water. 

4.  It  is  separated  from  water,  in  a  thick  curdy  form,  by  acetate 
of  lead ;  and  is  thrown  down  by  the  red  sulphate  of  iron,  in  the 
state  of  a  brown  semi-transparent  jelly.  Several  other  salts,  also, 
have  a  similar  effect.  According  to  Dr.  Thomson's  experiments, 
the  salts,  containing  mercury  and  iron  at  the  maximum  of  oxyda- 
tion,  are  the  most  efficient  in  precipitating  gum.  The  oxides  of 
copper,  antimony,  and  bismuth,  are,  also,  acted  upon  by  it ;  for  it 
prevents  water  from  precipitating  them  in  the  slate  of  sub-salts. 
The  effects  of  re-agents  on  a  solution  of  gum  have  been  lately  in- 
vestigated, also,  by  Dr.  Bostock;*  and  have  been  found  to  vary 
considerably  in  the  different  species  of  gum ;  for  example,  in  gum 
arable,  cherry-tree  gum,  and  linseed  mucilage. 

5.  Gum  is  soluble  in  pure  alkalis,  and  in  lime-water,  and  is  pre- 
cipitated unchanged  by  acids.  Of  the  earths,  silex  seems  to  have 
the  strongest  affinity  for  it ;  a  solution  of  silicated  alkali  decom- 
posing a  very  dilute  solution  of  gum.  (Thomson.)  Dr.  Duncan, 
jun.  however,  informs  me,  that  this  precipitate  is  produced  only  by 
solutions  of  the  lighter  coloured  specimens  of  gum,  which  have 
different  properties  from  those  of  darker  colour.  The  precipita- 
tion, when  it  does  occur,  Dr.  Bostock  suspects  to  take  place,  only 
in  consequence  of  the  lime  which  gum  contains.  Hence  oxalic 
acid,  also,  produces  a  precipitate  from  the  solution  of  gum  arabic. 

6.  Diluted  acids  dissolve  gum  unchanged,  and  the  concentrated 
ones  decompose  it.  Strong  sulphuric  acid  converts  it  into  water, 
acetous  acid,  and  charcoal ;  the  last  of  which  amounts  to  rather 
more  than  one  fourth  the  weight  of  the  gum,  and  exhibits  slight 
traces  of  artificial  tan.  Nitric  acid  dissolves  gum  with  a  disen- 
gagement of  nitrous  gas ;  and  the  solution,  on  cooling,  deposits  a 
little  saccholactic  or  mucous  acid.  The  production  of  mucous  acid 
appears  to  be  the  characteristic  property  of  mucilage  ;  and  Vauque- 
lin  even  obtained  this  acid  from  the  mucilage  of  linseed.  Some 
malic  acid  is  also  formed ;  and  by  continuing  the  heat,  the  gum  is 
changed  by  the  nitric  acid  into  oxalic  acid,  which  bears  the  pro- 
portion of  nearly  one  half  of  the  weight  of  the  gum.  Oxy-muria- 
tic  acid  transmitted  through  a  solution  of  gum,  changes  it  into  ci- 
tric acid. 

7.  Gum  and  sugar  readily  combine  ;  and  by  gentle  evaporation 
of  their  mixed  solutions,  a  transparent  substance  is  obtained.  From 
this,  alcohol  separates  a  part  of  the  sugar,  but  the  remainder  con- 
tinues in  combination,  and  forms  a  substance,  resembling  that  of 
which  the  nests  of  wasps  are  composed. 

8.  Gum,  when  submitted  to  destructive  distillation  in  a  retort, 
yields  an  acid,  formerly  called  the  pyro-mucous,  but  now  ascertain- 
ed to  be  merely  the  acetic,  holding  in  solution  a  portion  of  essen- 
tial oil,  and  some  ammonia.  Carburetted  hydrogen  and  carbonic 
acid  gases  are  also  disengaged;  and  in  the  retort  there  remains 
charcoal,  mixed  with  lime  and  phosphate  of  lime.     Gum,  there- 

*  See  Nicholson's  Journal,  xvtii.  28. 
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fore,  is  composed  of  oxygen,  hydrogen,  carbon,  and  (as  may  be  de- 
duced from  its  yielding  ammonia)  a  little  nitrogen.  It  appears  to 
differ  from  sugar,  not  only  in  containing  a  less  proportion  of  oxy- 
gen, but  also  by  its  combination  with  lime  and  nitrogen.* 

Respecting  the  varieties  of  vegetable  mucilage,  which  appear 
to  be  pretty  numerous  and  well  marked,  much  valuable  informa- 
tion may  be  obtained  from  the  paper  of  Dr.  Bostock,  which  has 
been  already  referred  to. 

Gum  Arabic  has  been  analysed  by  Gay  Lussac  and  Thenard, 
and  by  Berzelius,  and  found  to  consist  of 

Carbon  ....  42.23 41.906 

Oxygen     .  .  .  50.84 51.306 

Hydrogen    .  .     6.93 6.788 


100.  f  100.  \ 

SECTION  III. 

Vegetable  Jelly. 

Vegetable  jelly  may  be  obtained  from  the  recently  expressed 
juices  of  certain  fruits,  such  as  the  currant  and  gooseberry.  When 
the  expressed  juice  of  these  fruits  is  allowed  to  remain,  for  some 
time,  in  a  state  of  rest,  it  partly  coagulates  into  a  tremulous  soft 
substance,  well  known  by  the  name  of  jelly.  The  coagulum,  wash- 
ed with  a  very  small  quantity  of  water,  is  jelly  nearly  in  a  state  of 
purity. 

Vegetable  jelly,  unless  when  tinged  by  the  colour  of  the  fruit,  is 
nearly  colourless;  has  a  pleasant  taste,  and  a  tremulous  consisten- 
cy. It  is  soluble  in  cold  water  ;  but  more  copiously  in  hot,  and  the 
solution,  if  strong  enough,  again  gelatinates  on  cooling.  By  long 
boiling  it  loses  this  last  property,  and  is  changed  into  a  substance 
analagous  to  mucilage.  When  dried  it  is  transparent.  It  com- 
bines readily  with  alkalis.  Nitric  acid  converts  it  into  oxalic  acid, 
without  disengaging  any  azotic  gas.  Its  solution  in  water  is  preci- 
pitated by  infusion  of  galls. 

*  Cruickshank,  Nicholson's  Journal,  4to.  ii.  409. 
f  Gay  Lussac  *  Berzelius. 
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SECTION  IV. 

Sugar  and  Oxalic  Acid. 
Art.  1. — Sugar. 

Almost  all  the  sugar,  which  is  applied  to  the  common  purposes 
of  life,  is  derived  from  a  plant,  the  growth  of  hot  climates,  called 
Arundo  Saccharifera.  This  plant  produces  strong  canes,  inclosing 
a  solt  pithy  substance,  which  yield,  by  the  compression  of  powerful 
machinery,  a  large  proportion  of  sweet  juice.  The  juice  is  evapo- 
rated in  copper  vessels,  with  the  addition  of  a  small  quantity  of  slak- 
ed lime.  During  evaporation,  a  thick  scum  is  formed,  which  is 
continually  removed.  The  juice  passes  successively  from  larger 
to  smaller  boilers,  till  at  length,  in  the  last  of  these,  it  becomes  thick 
and  tenacious.  When  this  happens,  it  is  emptied  into  shallow 
wooden  coolers,  where  the  syrup  forms  a  mass  of  small  irregular 
crystals,  enveloped  in  a  treacly  fluid.  The  whole  mass  is  drained 
in  hogsheads,  in  the  bottoms  of  which  holes  are  bored.  The  fluid, 
whi;h  separates,  is  called  melasses  or  treacle  ;  and  the  dried  crys- 
tals are  exported  to  this  country  under  the  name  of  raw  or  musco~ 
vado  sugar. 

The  subsequent  process,  which  sugar  undergoes,  with  the  view 
of  bringing  it  to  the  white  and  beautiful  form  of  loaf-sugar,  consists 
in  its  being  redissolved  in  lime-water,  and  in  being  boiled  with  a 
quantity  of  some  coagulable  substance,  such  as  the  whites  of  eggs 
or  bullock's  blood.  These  substances  coagulate  into  a  thick  scum, 
which  rises  to  the  surface,  carrying  along  with  it  the  principal 
part  of  the  impurities  of  the  sugar.  The  solution,  after  being  eva- 
porated to  a  due  consistence,  is  let  out  into  large  conical  earthen 
pots,  with  a  hole  at  the  apex  of  the  cone,  and  each  supported  by  an 
earthen  jar.  When  the  syrup  has  concreted  into  a  solid  mass,  the 
plug  is  removed  from  the  point  of  the  cone,  to  allow  the  adhering 
liquid  to  drain  off;  and  a  mixture  of  pipe-clay  and  water  is  pour- 
ed on  the  surface  of  the  mould,  and  suffered  to  continue  there  four 
or  five  days.  The  moisture  from  this,  slowly  descending  through 
the  sugar,  carries  with  it  the  remains  of  the  darker  coloured  syrup; 
and  the  whole  loaf,  after  being  dried  in  a  stove,  is  obtained  of  the 
proper  degree  of  whiteness. 

Besides  the  juice  of  the  cane,  sugar  may  be  extracted,  also,  from 
several  other  vegetables.  The  juice  which  flows  spontaneously 
from  incisions  made  in  the  American  maple-tree,  affords  a  quanti- 
ty sufficient  to  render  it  a  process  worth  following.  Ripe  fruits 
contain  sugar  in  considerable  quantity,  and  by  long  keeping  after 
they  have  been  dried,  it  appears,  in  a  granular  state,  on  their  sur- 
face. The  juice  of  the  carrot,  and  still  more  remarkably  of  the  beet 
{beta  vulgaris,  Linn.)  yield  a  considerable  proportion  of  sugar.  To 
obtain  it  from  the  latter  vegetable,  the  roots,  softened  in  water,  are 
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to  be  sliced,  and  the  juice  expressed.  It  is  then  to  be  boiled  down 
with  the  addition  of  a  little  lime  till  about  two  thirds  remain,  and 
afterwards  strained.  These  boilings  and  strainings  are  repeated 
alternately,  till  the  liquid  attains  the  consistence  of  syrup,  when  it  is 
left  to  cool.  The  sugar  thus  extracted,  retains  somewhat  of  the 
taste  of  the  root ;  but  it  may  be  purified  by  the  operation  already 
described  as  used  for  the  refining  of  West  India  sugar,  and  it  then 
loses  its  peculiar  flavour.  The  quantity  obtained  varies  consider- 
ably ;  but  in  general  it  may  be  stated  at  between  four  and  five 
pounds  from  100  pounds  of  the  root,  beside  a  proportion  of  uncrys- 
tallizable  syrup.  In  Germany,  the  expence  has  been  calculated  at 
about  three  pence  per  pound  ;  but  this  estimate  is  probably  under- 
rated. 

From  the  experiments  of  Proust,*  it  appears  that  a  coarse  sugar 
may  be  produced  from  grapes  (of  which  many  thousand  tons  are 
annually  wasted  in  Spain,)  at  the  expence  of  about  eight  pence  per 
pound  ;  or,  under  favourable  circumstances,  even  for  five  pence. 
In  apples  and  pears,  in  the  juice  of  liquorice,  and  in  some  other  ve- 
getable juices,  sugar  exists,  but  in  a  state  of  combination,  which  pre- 
vents it  from  assuming  a  crystallized  form. 

Sugar  is  produced  also  in  the  process  of  malting,  which  consists 
in  the  conversion  of  starch  into  sugar. 

The  following  are  its  chemical  properties: 

1.  Sugar  is  soluble  in  an  equal  weight  of  cold  water,  and  almost 
to  an  unlimited  amount  in  hot  water.  The  latter  solution  affords  a 
liquid  called  syrup;  from  which,  by  long  repose,  transparent  crys- 
tals of  sugar  separate,  called  candied  sugar.  Their  form  is  that  of 
prisms  with  four  or  six  sides,  bevelled  at  each  extremity,  or  some- 
times acuminated  by  three  planes. 

2.  Alcohol  dissolves,  when  heated,  about  one  fourth  its  weight 
of  sugar.  The  solution,  by  keeping,  deposits  large  crystals  of 
sugar. 

3.  Lime-water  renders  sugar  more  soluble.  Alkalis  unite  with 
it,  and  destroy  its  taste.  It  may  be  recovered,  however,  unchang- 
ed, by  adding  sulphuric  acid,  and  precipitating  the  alkaline  sul- 
phate by  alcohol,  which  retains  the  sugar  in  solution.  It  unites, 
also,  with  the  alkaline  earths;  and  with  barytes  so  strongly,  that  it 
appears  to  undergo  a  kind  of  decomposition. 

4.  Sugar  has  the  property  of  rendering  oils  miscible  with  wa- 
ter. 

5.  The  sulphurcts,  hydro-sulphurets,  and  phosphurets  appear  to 
have  the  property  of  converting  sugar  into  a  substance  not  unlike 
gum.t 

6.  It  is  converted,  by  destructive  distillation,  into  acetic  acid,  car- 
buretted  hydrogen,  and  carbonic  ackl  gas,  and  charcoal.  Accord- 
ing to  Lavoisier,  it  is  composed  of  64  oxygen,  28  carbon,  and  eight 
hydrogen:  Gay  Lussac,  Thenard,  and  Berzelius,  have  analyzed  it 


*  Nicholson's  Journal,  xxi.  356. 
\  Thomson's  Chemistry,  iv,  214. 
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by  combustion  with  hyper-oxymuriate  of  potash,  and  find  it  to  con- 
sist of 

Carbon  .  .  42.47  .  .  44.200 
Oxygen  .  .  50.63  .  .  49.015 
Hydrogen      .       6.90     .     .       6.785 


100.*  lOO.f 


Or  of  carbon        .      .      .      42.47 
Oxygen  and  hydrogen  in  "] 

the  same  proportion^    >  57.53 
in  water  | 


100. 


It  is  remarkable  that  these  are  as  nearly  as  possible  the  propor- 
tions of  the  ingredients  of  gum  arabic. 

Beside  pure  sugar,  there  are  other  saccharine  substances  that 
bear  a  considerable  resemblance  to  it.  Manna  is  the  inspissated 
juice  which  flows  spontaneously  from  incisions  in  the  bark  of  a 
species  of  ash  (the  fraxinus  omus).  Sugar  has  been  discovered, 
also,  by  Fourcroy  and  Vauquelin,  to  enter  largely  into  the  compo- 
sition of  the  juice  obtained  by  pressure  from  the  onion.  Besides 
sugar,  it  appears,  also,  to  contain  a  portion  of  mucilage  and  extract, 
to  which  its  taste  and  other  peculiar  properties  are  owing. 

The  same  may  perhaps  be  said  of  honey.  When  treated  with 
nitric  acid  it  was  found,  however,  by  Mr.  Cruickshank,  to  give  ve- 
ry little  less  oxalic  acid,  than  was  obtained  from  an  equal  weight  of 
pure  sugar.  Proust  has  considered  honey  itself  as  of  two  distinct 
species.  Common  yellow  honey  is  of  an  uniform  consistence  and 
viscid  ;  but,  besides  this,  there  is  a  granulated  white  kind,  which 
has  a  tendency  to  become  solid.  From  the  latter  he  obtained  by 
alcohol  a  white  saccharine  powder,  which  he  considers  as  agree- 
ing more  nearly  with  the  sugar  of  the  grape  than  with  common 
sugar. 

Art.  2. — Oxalic  Acid. 

Sugar  is  acidified  by  distillation  with  nitric  acid.  To  six  ounces 
of  strong  nitric  acid,  in  a  stoppered  retort,  to  which  a  large  [re- 
ceiver is  luted,  add,  by  degrees,  one  ounce  of  lump-sugar,  coarsely 
powdered.  A  gentle  heat  may  be  applied  during  the  solution.  Ni- 
trous gas  will  be  disengaged  in  great  abundance.  When  the  whole 
of  the  sugar  is  dissolved,  distil  off  a  part  of  the  acid.  The  remain- 
ing liquor  will  form  regular  crystals  (amounting  to  58  parts  from 
100  of  sugar),  which  must  be  again  dissolved  in  water  and  crystal- 
lized.    Lay  this  second  crop  of  crystals  on  blotting  paper  to  dry. 

*  Gay  Lussac.  f  Berzelius. 
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Oxalic  acid  may  be  procured,  also,  by  a  similar  treatment  of 
gum,  and  of  various  other  vegetable,  and  even  of  some  animal  pro- 
ducts. 

The  crystals  of  oxalic  acid  have  the  following  characters  : 

1.  They  have  a  strong  acid  taste,  and  act  powerfully  on  vegeta- 
ble blue  colours. 

2  They  dissolve  in  twice  their  weight  of  cold,  and  in  an  equal 
Weight  of  hot  water.  They  are  soluble,  also,  in  boiling  alcohol, 
which  takes  up  about  half  its  weight;  and,  though  sparingly,  in 
ether. 

3.  They  effloresce  in  the  air,  and  become  converted  with  a  white 
powder. 

4.  A  red-heat  entirely  decomposes  them,  and  leaves  only  char- 
coal. During  distillation,  a  considerable  quantity  of  inflammable 
gas  is  obtained;  and  a  portion  of  the  acid  is  sublimed,  unaltered, 
into  the  neck  of  the  retort.  The  constitution  of  oxalic  acid,  has 
been  investigated  with  much  skill  and  attention  by  Dr.  Thomson.* 
The  crystals,  in  their  perfect  state,  he  has  proved  to  consist  of 

Real  acid     .     .     77 
Water     ...     23 


100 


And  from  an  elaborate  examination  of  the  gases,  obtained  by  de- 
structive distillation,  he  concludes  that  100  parts  of  real  oxalic  acid 
consist  of 


Oxygen     . 

.     64 

Carbon 

.     32 

Hydrogen 

4 

100 

Oxalic  acid  has  since  been  analysed  by  Gay  Lussac  and  The- 
nard,t  and  by  Berzelius4  The  first  mentioned  chemist  decom- 
posed oxalate  of  iime  of  known  composition  by  oxy muriate  of  pot- 
ash, and  obtained  the  following  results: 

Carbon  .  .  26.566 
Oxygen  .  .  70.689 
Hydrogen     .       2.745 


100. 


*   Philosophical  Transactions,  1808. 

;   ltccherches,  vol.  ii. 

-,   81  Ann.  dc  ChinY  and  Thomson's  Ann.  iv 
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Or  the  analysis  may  be  thus  stated  : 

Carbon 26.566 

Oxygen  and  hydrogen   in  the  > 
same  proportions  as  in  water  3 
Excess  of  oxygen       ....     50.562 


100 

Berzelius,  some  time  ago,  ascertained  that  of  the  water,  which 
enters  into  crystallized  oxalic  acid,  only  28  per  cent,  can  be  driven 
off"  by  heat,  but  that  a  farther  quantity  may  be  detached,  by  uniting 
the  acid  with  oxide  of  lead.  Taking  the  latter  portion  into  account, 
the  crystals  consist  of  58  acid  and  42  water;  and  the  real  acid  is 
thus  constituted,  according  to  his  experiments: 

Oxygen  .  .  66.211  .  .  ZZ  6  atoms. 
Carbon  .  .  33.021  .  .  —  4  atoms. 
Hydrogen      .       0.728     .     .     —  1  atom. 

Oxalate  of  potash  forms  flat  rhomboidal  crystals,  terminated 
by  dihedral  summits.  Its  taste  is  cooling  and  bitter.  At  60°  Fah- 
renheit, it  requires  three  times  its  weight  of  water  for  solution. 
There  is,  also,  a  salt  formed  of  the  same  base  and  acid,  but  with  a 
considerable  excess  of  the  latter,  called  super-oxalate  or  binox- 
alate of  potash.  It  forms  beautiful  four-sided  prisms.  The 
acid,  which  it  contains,  is  double  that  in  the  oxalate  ;  or  if  we  sup- 
pose 100  parts  of  potash,  and  denote  the  quantity  necessary  to  con- 
vert it  into  oxalate  by  x,  then  2  x  will  convert  it  into  super  oxa- 
late. 

According  to  Berzelius  100  parts  of  potash  are  united,  in  the 
oxalate,  with  973  parts  of  oxalic  acid,  and  in  the  binoxalate,  with 
192.4.  Exclusively  of  water,  which,  in  the  crystals  of  the  oxalate, 
amounts  to  17.31  per  cent.,  they  are  composed  as  follows  : 


Oxalate  of  potash 
Binoxalate  of  do. 

Quadroxalate  of  potash  may  be  composed  in  several  me- 
thods.* It  was  formed  by  Dr.  Wollaston,  by  digesting  the  super- 
oxalate  in  nitric  or  muriatic  acid.  The  alkali  is  divided  into  two 
parts,  one  of  which  unites  with  the  mineral  acid  ;  and  the  other  half 
remains  in  combination  with  the  oxalic  acid.  Hence  the  quadrox- 
alate contains  four  times  the  acid  that  exists  in  the  neutral  oxalate, 
and  twice  as  much  acid  as  the  super-oxalate  :  or  its  acid  may  be  de- 
noted by  4  x. 


Acid. 

Base. 

49.32  . 

.     50.68 

65.80  . 

.     34.20 

*  Sec  Berard,  73  Ann.  det;him  271. 
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Berzelius  determined  that,  in  this  salt,  100  parts  of  potash  are 
combined  with  330  p  irts  of  oxalic  acid,  or  it  consists  of 

Potash  .  .  18.95 
Acid  .  .  .  72.05 
Water      .     .       9. 


100 

Salt  of  sorrel  was  found  by  Berard  to  be  a  true  quadroxalate  of 
potash. 

Oxalate  of  soda  readily  crystallizes,  and  has  a  taste  nearly 
resembling  that  of  oxalate  of  potash.  When  heated,  it  falls  to  pow- 
der, and  loses  the  whole  of  its  water  of  crystallization.  Soda 
is  said  to  form,  also,  with  oxalic  acid  a  binoxalate,  but  no  quadrox- 
alate. In  the  oxalate,  100  parts  of  soda  are  combined  with  143.5 
parts  of  acid;  in  the  binoxatate  with  284.7  according  to  the  analysis 
of  Berzelius, 

Oxalate  of  ammonia  crystallizes  in  long  transparent  prisms, 
rhomhoidal,  and  terminated  by  dihedral  summits,. which,  according 
to  Berard,  contain  13  percent,  of  water.  Its  taste  is  bitter  and  un- 
pleasant. At  the  temperature  of  60°,  1000  grains  of  water  dissolve 
only  45  grains  of  the  salt.  The  solution  is  of  great  use  as  a  re-agent; 
for  it  precipitates  lime  from  all  its  soluble  combinations,  and  dis- 
covers it  even  when  in  very  minute  quantities.  Hence  it  is  a  most 
important  instrument  of  analysis. 

In  oxalate  of  ammonia,  100  parts  of  real  alkali  are  united  with  261 
parts  of  acid.  A  super-oxalate  or  binoxatate  of  ammonia,  also,  ex- 
ists, which  is  less  soluble  in  water  than  the  oxalate.  In  this,  100 
parts  of  base  are  united  with  523  of  acid. 

Oxalate  of  lime  is  an  extremely  insoluble  salt.  It  may  be 
formed,  either  by  dropping  oxalic  acid  into  lime-water,  or  by  ming- 
ling the  solutions  of  a  salt  with  base  of  lime  and  of  any  of  the  solu- 
ble oxalates.  When  very  slowly  dried  at  the  temperature  of  about 
60°  Fahrenheit,  it  is  tolerably  uniform  as  to  its  composition ;  and 
consists,  according  to  Dr.  Thomson,  of 

Acid  .  .  59.2 
Lime  .  .  35.5 
Water    .     .       5.3 


100. 

When  rapidly  dried,  it  is  apt  to  concrete  into  hard  lumps,  which 
contain  not  less  than  10  per  cent,  of  water.  It  is  soluble  in  nitric  and 
muriatic  acid;  and  hence,  in  the  use  of  oxalate  of  ammonia  or  ox- 
alic acid  as  a  precipitant,  it  is  necessary  first  to  neutralize  any  ex- 
cess of  acid.  . 

Oxalates  of  barytes  and  strontites  are  white  tasteless 
powders  of  very  sparing  solubility;  but  these  earths  are  said,  with  an 
excess  of  acid,  to  form"  soluble  super-oxalatcs. 

3m 
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One  hundred  parts  of  strontites  take  83.62  of  oxalic  acid  for 
saturation.  No  super-oxalate  exists  with  this  base.  The  oxalate 
of  barytes  is  more  soluble  than  the  strontitic  salt.  It  consists  of  100 
parts  of  base,  united  with  60.84  acid.  A  super-oxalate  may  be  form- 
ed, by  heating  muriate  of  barytes  with  oxalic  acid.  This  salt, 
which  shoots  into  crystals,  has  its  elements  so  feebly  combined,  that 
it  is  decomposed  by  mere  solution  in  water.  It  is  constituted  of 
100  parts  of  base  and  123  oxalic  acid. 

Oxalate  of  magnesia  is  a  soft  white  powder,  bearing  a  consi- 
derable resemblance  to  oxalate  of  lime.  It  is  tasteless,  and  not 
sensibly  soluble  in  water.  Yet  when  oxalate  of  ammonia  is  mixed 
with  sulphate  of  magnesia,  no  precipitate  falls.  It  is  composed  of 
100  parts  of  base  and  265  of  acid. 

According  to  Dr.  Thomson,  loo  parts  of  oxalic  acid  saturate  the 
following  quantities  of  the  several  bases  : 


Ammonia 

.     34.12 

Magnesia 

.     35.71 

Soda    .     . 

.     57.14 

Lime 

.      60 

Potash 

.    122.86 

Strontian 

.    15  1.51 

Barytes     . 

.    142.86 

And  the  composition  of  the  different  oxalates  is  shown  by  the  fol- 
lowing Table. 


One  hundred  parts  of 


Consist 
per  Thomson  of 


O  xalate  of  ammonia 

■    ■  magnesia 

soda 

• lime 

— — —  potash  . 

— strontian 

barytes 

lead 


Acid. 
74.45 
73.68 
63.63 
62.50 
44.87 
39.77 
41.16 
25.20 


Base. 
25.55 
26.32 
36.37 
37.50 
55.13 
60.23 
58.84 
74.80 


Consist 
per  Berard  of 

Acid. 

Bage. 

62.34 

27.66 

71.65 

27. o5 

58.92 

41.08 

6200 

38.00 

49.32 

50.68 

45.54 

54.46 

37.83 

62.17 

The  above  table  is  to  be  understood  as  applicable  to  the  salts  in 
their  state  of  ordinary  dryness.  With  the  exception  indeed  of  ox- 
alate of  potash,  and  perhaps  of  soda,  Dr.  Thomson  is  of  opinion 
that,  when  slowly  and  carefully  dried,  the  proportion  of  water  is  so 
small,  that  it  may  be  overlooked. 


*  This  number  should  probably  be  72.34  ;  for,  as  it  stands  in  the  Table,  the 
acid  and  base  do  not  make  up  100. 
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SECTION  V 

Native   Vegetable  Acids. 

Native  vegetable  acids  are  such  as  are  found,  ready  formed,  in 
plants  or  their  fruits,  and  require  only  pressure,  and  other  simple 
processes,  for  their  extraction.  The  following  are  the  principal 
ones  hitherto  discovered  : 

1.  Citric.  6.  Benzoic. 

2.  Gallic,  7.  Acetic. 

3.  Malic.  8.  Prussic. 

4.  Tartaric.  9.  Phosphoric. 

5.  Oxalic. 

Art.  1. — Citric  Acid. 

Citric  acid  exists  in  the  expressed  juice  of  the  lime  and  lemon, 
along  with  a  quantity  of  extractive  matter  and  mucilage.  The 
process,  for  obtaining  it  in  a  separate  state,  we  owe  to  the  ingenui- 
ty of  Scheele.  To  die  expressed  juice  of  the  lime  or  lemon,  con- 
tained in  a  vessel  of  earthen  ware,  or  white  wood,  add,  very  gra- 
dually, finely  powdered  carbonate  of  lime  (chalk  or  whiting),  and 
stir  the  mixture  well  after  each  addition.  An  effervescence  will 
ensue;  and  as  long  as  this  arises,  on  adding  fresh  portions  of 
chalk,  more  ehalk  will  be  required.  The  exact  proportion  it  is 
impossible  to  assign,  on  account  of  the  variable  strength  of  the 
acid  juice  In  general,  from  six  to  eight  ounces  of  chalk  are  suf- 
ficient to  saturate  a  wine-gallon  of  lime-juice.  When  it  ceases  to 
excite  effervescence,  and  the  liquor  has  lost  its  sour  taste,  allow 
the  mixture  to  settle;  decant  the  liquid,  and  add  a  quantity  of 
water.  Let  the  powder  subside  ;  the  liquor  be  again  decanted, 
and  thrown  away  ;  and  these  operations  repeated,  till  the  water 
conies  off  nearly  colourless.  The  insoluble  precipitate  consists  of 
citric  acid,  united  with  lime;  add  to  it  a  quantity  of  sulphuric 
acid,  of  the  density  1.8  equal  to  about  three  fourths  the  weight  of 
the  chalk  which  has  been  employed,  and  previously  diluted  with 
20  parts  of  water. — Let  the  acid  and  precipitate  remain  together 
24  hours;  during  which  time  they  must  be  frequently  stirred. 
Then  let  the  white  sediment,  which  consists  of  sulphate  of  lime, 
subside  ;  decant  the  clear  liquor  ;  add  more  water  till  it  comes  off 
tasteless  ;  and  mix  all  the  liquors  together.  The  solution,  contain- 
ing citric  and  sulphuric  acids,  and  some  mucilage,  is  to  be  evapo- 
rated in  shallow  earthen  dishes,  placed  in  a  sand-heat.  Reduce 
the  liquid  to  about  one  fourth  of  its  bulk  by  evaporation ;  sepa- 
rate the  sulphate  of  lime,  which  will  be  deposited,  and  again 
waste  the  liquor,  by  a  heat  not  above  212°,  to  the  consistence  of 
syrup. — Dark  brown  crystals  will  form  on  cooling,  which  must  be 
set  to  drain ;  and  the  remaining  liquor,  when  again  evaporated  re- 
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peatedly,  will  continue  to  yield  fresh  crystals.  To  purify  these, 
lei  them  be  dissolved  in  water;  and  the  solution  be  again  evapo- 
rated. After  the  second  crystallization,  their  colour  will  be  im- 
proved ;  but  it  will  require  three  or  four  crystallizations  to  obtain 
them  perfectly  white  and  well  formed.  In  this  state,  they  arc  the 
pure  citric  acid. 

The  proportions,  which  I  have  recommended  for  the  preparation 
of  citric  acid,  differ  a  little  from  those,  which  have  been  deduced 
by  Proust  from  his  experiments.  Four  ounces  of  chalk,  saturated, 
he  found,  94  ounces  of  lemon  juice;  the  citrate  of  lime  weighed 
seven  ounces  four  drachms.  But  the  four  ounces  of  chalk,  or  32 
drachms,  contained  only  17^  drachms  of  lime  ;  and,  from  the  ana- 
lysis of  citrate  of  lime,  it  appears  to  contain  70  parts  of  citric  acid 
in  100.  Hence  the  seven  ounces  four  drachms  contained  41 } 
drachms  of  citric  acid.  But  to  expel  the  carbonic  acid  complete- 
ly from  four  ounces  of  chalk,  five  ounces  of  sulphuric  acid  of  com- 
merce were  found  necessary.  This  proportion,  therefore,  he  em- 
ployed in  decomposing  the  citrate  of  lime.  Six  ounces  of  the  ci- 
trate, by  two  crystallizations,  gave  3i  ounces,  or  28  drachms,  of 
pretty  large  crystals;  from  whence  it  follows  that  the  whole  7 £ 
ounces  would  have  given  4  ounces  3  drachms  of  citric  acid.* 

The  citric  acid,  which  is  made  for  sale,  is  generally  prepared 
from  lime-juice.  The  quantity  of  solid  citric  acid,  in  a  gallon  of 
this  juice,  varies  considerably  ;  but  about  six  or  eight  ounces  to 
the  wine  gallon  is  a  fair  general  average.  The  only  method  of  as- 
certaining its  proportion  consists  in  adding,  to  a  quantity  of  the 
juice,  solution  of  pure  potash  till  saturation  is  produced ;  having 
previously  determined,  by  direct  experiments,  how  much  of  the 
alkaline  solution  is  required  to  neutralize  an  ounce  of  crystallized 
citric  acid. 

Pure  citric  acid  forms  beautiful  transparent  crystals,  consisting 
of  two  four-sided  pyramids  joined  base  to  base,  or  sometimes  of 
rhomboidal  prisms.  An  ounce  of  distilled  water,  at  60°  Fahren- 
heit, dissolves  an  ounce  and  a  quarter  of  these  crytals,  or  at  the 
boiling  temperature  twice  its  weight.  The  crystals  do  not  attract 
moisture  from  the  atmosphere.  They  contain  per  cent,  according 
to  Berzelius, 

Real  acid     ...     79 
Water     ....     21 

100 

Only  a  small  part  of  this  water,  viz.  about  7  per  cent,  can  be 
driven  off  by  a  degree  of  heat,  just  below  what  is  sufficient  to  de- 
compose the  acid.  The  real  proportion  of  water  can  only  be  de- 
termined, by  uniting  the  acid  with  some  basis,  oxide  of  lead  for 
example. 

Citric  acid  is  decomposed  at  a  high  temperature,  and  yields 

*  Philosophical  Magazine,  x. 


6ECT.  V.  CITRIC   ACID.  461 

products,  which  are  constituted  of  carbon,  hydrogen,  and  oxygen 
in  uncertain  proportions.  A  better  method  of  effecting  its  ana- 
lysis is  that  practised  by  Gay  Lussac  and  Thenarcf,  viz.  combus- 
tion with  byper-oxymuriate  of  potash.  By  this  process,  they  de- 
termined it  to  consist  of 

Carbon  .  .  .  33811 
Oxygen  .  .  .  59.859 
Hydrogen     .     .       6.330 


100. 

Berzeiius  obtained  results,  differing  considerably  from  these  ; 
owing,  he  believes,  to  the  want  of  due  allowance,  by  Gay  Lussac 
and  Thenard,  for  the  quantity  of  water  of  crystallization.  His 
proportions  are 


Carbon     . 

.     41.37 

Oxygen   .     . 

.      54.83 

Hydrogen     . 

380 

100. 

When  treated  with  about  three  times  its  weight  of  nitric  acid, 
the  citric  acid  is  converted  partly  into  the  oxalic,  of  which  it  gives 
half  its  weight.  As  the  proportion  of  nitric  acid  is  increased,  that 
of  the  oxalic  is  diminished,  till  at  length  it  disappears  altogether, 
and  acetic  acid  appears  to  be  formed. 

Citric  acid  readily  unites  with  alkalis,  earths,  and  metallic 
oxides. 

Citrate  of  potash. — According  to  Vauquelin,  36  parts  of 
crystallized  citric  acid,  dissolved  in  water,  require  for  saturation 
61  of  crystallized  carbonate  of  potash  :  and  the  result  is  an  ex- 
tremely soluble  and  even  deliquescent  salt,  composed  of  55  £  acid 
and  44^  alkali. 

Citrate  of  soda  is  a  very  soluble  salt.  Thirty-six  parts  of 
citric  acid  neutralize  42  of  dry  sub-carbonate  of  soda  ;  and  hence 
100  parts  of  the  citrate  consist  of  60.7  acid  and  39.3  base. 

Citrate  of  ammonia. — The  same  quantity  of  citric  acid  satu- 
rates 44  parts  of  sub-carbonate  of  ammonia;  end  affords  a  soluble 
and  difficultly  crystallizable  salt,  composed,  in  100  parts,  of  62 
acid  and  38  base. 

Citrate  of  barytes  consists  of  equal  weights  of  acid  and 
base.     It  is  an  insoluble  salt  of  little  importance. 

Citrate  of  magnesia. — Thirty  six  parts  of  crystallized  acid 
neutralize  40  parts  of  sub-carbonate  of  magnesia.  Hence  100 
parts  of  the  salt  contain  33.34  base  and  66.66  acid.  The  salt  is 
soluble,  but  not  crystallizable. 

Citrate  of  lime. — Crystallized  citric  acid,  dissolved  in  water, 
requires  an  equal  weight  of  chalk  for  saturation.  The  compound, 
when  neutral,  is  insoluble  ;  but  with  an  access  of  acid  it  becomes 
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readily  soluble.     It  was  found  by  Gay  Lussac  and  Thenard  to  con- 
sist of 

Acid     .     .     .     68  83 
Lime   .     .     .     31.17 


100. 

The  metallic  citrates  have  been  but  little  examined.  The 
compounds  of  this  acid  with  the  oxides  of  iron  are  of  the  most 
importance  ;  from  the  use  which  is  made  of  it  as  a  discharger  in 
calico-printing. 

Art.  2. — Gallic  Acid. 

The  acid  exists  in  the  gall-nut,  along  with  tan  and  other  sub- 
stances. In  Sir  H.  Davy's  experiments,  400  grains  of  a  saturated 
infusion  of  galls,  gave  fifty-three  of  solid  matter,  composed  of  nine 
tenths  tan  and  one  tenth  gallic  acid.  The  acid  may  be  obtained  by 
exposing  an  infusion  of  galls  in  water  to  the  air.  A  mouldy  pelli- 
cle will  form  on  the  surface  of  the  infusion ;  and,  alter  some 
months'  exposure,  small  yellow  crystals  will  appear  on  the  inside 
of  the  vessel.  These  crystals  must  be  dissolved  in  alcohol,  to  se- 
parate them  from  other  substances,  and  the  solution  evaporated  to 
dryness. 

It  may  also  be  procured  by  sublimation.  Pounded  galls  are  to 
be  put  into  a  retort,  and  heat  applied.  The  gallic  acid  will  rise, 
and  be  condensed  in  the  neck  of  the  retort  in  a  solid  form.  This 
process  is  recommended  by  Deyeux  as  preferable  to  any  other.* 

The  gallic  acid  may  be  separated  from  the  infusion  of  galls, 
by  adding  muriate  of  tin  till  the  precipitate  ceases  to  appear.  This 
precipitate  may  be  reserved  for  the  experiments  detailed  under 
the  article  Tan.  From  the  remaining  solution  the  superabundant 
oxide  of  tin  must  be  precipitated  by  sulphuretted  hydrogen  gas, 
and  the  clear  liquor,  on  evaporation,  yields  crystals  of  gallic  acid. 

From  one  ounce  of  galls,  according  to  Haussman,  about  three 
drachms  of  gallic  acid  may  be  obtained. 

In  Nicholson's  8vo.  Journal,  vol.  i.  page  226,  a  very  simple  pro- 
cess for  obtaining  gallic  acid  is  proposed  by  M.  Fiedler.  Boil  an 
ounce  of  powdered  galls,  in  sixteen  ounces  of  water  down  to  eight, 
and  strain  the  decoction.  Precipitate  also  two  ounces  of  alum,  dis- 
solved in  water,   with  a  sufficient  quantity  of  carbonate  of  potash, 

*  The  best  method  to  obtain  this  acid,  is,  in  conformity  to  my  experi- 
ments, to  evaporate  to  dryness  a  watery  infusion  of  galls.  To  the  mass  ob- 
tained, add  alcohol,  which  takes  up  the  gallic  acid,  and  may  then  be  filtered  from 
the  insoluble  residue.  The  alcoholic  solution  is  next  to  be  evaporated  to  dryness; 
the  solid  matter  having  a  crystalline  appearance,  somewhat  resembling  musco- 
vado sugar.  This  mass  is  to  be  mixed  with  clean  dry  sand  in  a  glass  sublim- 
ing vessel,  surmounted  by  a  paper  cone  or  cap,  as  in  procuring  benzoic  acid, 
and  exposed  to  a  gentle  sand-heat  ;  a  portion  of  moisture  is  first  expelled,  after 
which  the  gallic  acid  sublimes  in  delicate  brilliant,  white,  needle-form  crystals.  C 
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and,  after  having  washed  the  precipitate  extremely  well,  add  to  it 
the  decoction,  and  digest  the  mixture  for  24  hours,  shaking  fre- 
quently. Theaiumine  combines  With,  and  carries  down,  both  the 
tan  and  extract  ;  and  the  filtered  solution  yields,  by  gentle  evapora- 
tion, crystals  of  gallic  acid. 

By  none  of  these  processes,  however,  can  gallic  acid  be  obtained 
perfectly  pure  ;  for  it  still,  according  to  Sir  II.  Davy,  is  contaminat- 
ed with  a  small  portion  of  extract.  To  purify  it,  Deyeux  advises 
its  sublimation.  Over  a  glass  capsule,  containing  the  impure  acid, 
and  placed  in  a  sand-heat,  another  capsule  is  to  be  inverted,  and 
kept  cool.  On  the  impression  of  the  heat,  the  acid  rises  into  the 
upper  one,  in  the  form  of  white  needle-shaped  crystals. 

The  pure  acid  has  the  following  characters  : 

1.  Its  crystals  have  the  form  of  transparent  plates  or  octohedrons. 
They  have  an  acid  and  somewhat  astringent  tasjte. 

2.  Gallic  acid  burns  with  flame,  when  placed  on  a  red-hot  iron, 
and  emits  an  aromatic  smell. 

3.  It  is  soluble  in  24  parts  of  cold,  or  three  of  boiling  water.  Al- 
cohol, when  cold,  dissolves  one  fourth,  or  an  equal  weight  when 
heated. 

4.  The  solution  reddens  blue  vegetable  colours,  and  effervesces 
with  alkaline  carbonates. 

5.  Nitric  acid  converts  the  gallic  into  oxalic  acid. 

6.  It  unites  with  alkaline  solutions  without  producing  any  de- 
posit;  but  from  watery  solutions  of  lime,  barytes,  and  strontites,  it 
occasions  a  bluish  precipitate.  Of  the  combinations  of  earths 
with  acids,  it  decomposes  those  only  with  base  of  glucine,  yttria, 
and  zircon. 

7.  It  precipitates  most  metals  from  their  solutions  ;  gold,  silver, 
and  copper,  of  a  brown  colour  ;  lead,  white  ;  mercury,  orange  ;  bis- 
muth, yellow  ;  and  iron,  deep  black.*  The  precipitate  from  solu- 
tions of  iron  is  soluble  in  an  excess  of  acid.  It  forms  the  basis  of 
ink,  which,  according  to  Deyeux,  consists  of  carburetted  oxide  of 
iron, and  gallate  of  iron. 

8.  By  a  moderate  heat,  it  is  sublimed  without  alteration,  but  a 
strong  heat  decomposes  it ;  and  aeriform  products  are  formed, 
which  show  it  to  consist  of  hydrogen,  oxygen,  and  carbon,  in  propor- 
tions not  yet  exactly  determined. 

A  full  and  valuable  history  of  the  gallic  acid,  and  the  process  for 
obtaining  it,  by  Bouillon  La  Grange,  may  be  consulted  in  Nichol- 
son's Journal,  xvii.  58f.  This  chemist  has  lately,  however,  ex- 
pressed a  doubt  of  the  claim  of  the  gallic  acid  to  be  considered  as  a 
distinct  acid,  and  suspects  that  it  is  only  a  modification  of  the  acetic. 
Its  properties,  he  remarks,  differ  according  to  the  method  in  which 
it  has  been  prepared. [ 

*  Pure  gallic  acid  does  not  appear  to  precipitate  the  salts  of  iron  black,  as 
commonly  asserted.  We  much  want  a  serie3  of  experiments  on  this  subject.     C. 

f  The'readtr  will  find,  also,  much  important  matter  on  this  subject  in  Messrs, 
Aikins'  Dictionary  of  Chemistry,  article  Gall  >>ut,  and  in  Dr.  Bostock's  papers  in 
Nicholson's  Journal,  vol.  xxiv. 
\nnales  de  Chimie,  Ix.  156- 
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Art.  3. — Malic  Acid. 

This  acid  exists  in  the  juice  of  apples,  gooseberries,  and  of  some 
other  fruits,  and  is  found  mixed  with  the  curie,  and  occasionally 
with  other  acids.  It  may  be  obtained  by  evaporating  the  juice  near- 
ly to  dryness,  and  then  adding  alcohol,  which  dissolves  the  acids, 
and  leaves  the  mucilage.  To  this  solution  of  citric  aiul  malic  acids 
in  alcohol,  chalk  is  to  be  added  to  saturation,  and  the  precipitate 
to  be  washed  with  boiling  water,  which  takes  up  the  malate  of  lime, 
and  leaves  the  citrate.  The  solution  of  the  malate  of  lime  may  then 
be  decomposed  by  sulphuric  acid. 

Or  the  juice  of  apples  may  be  saturated  with  carbonate  of  pot- 
ash, and  mixed  with  a  solution  of  acetate  of  lead,  till  the  precipi- 
tate ceases.  This  precipitate  is  to  be  washed  with  water,  and  di- 
lute sulpnuric  acid  is  to  be  added,  till  the  liquor  acquires  an  acid 
taste,  unmixed  with  any  sweetness.  The  liquor  is  to  be  filtered, 
to  separate  the  sulphate  of  lead,  and  evaporated.  It  yields  no  crys- 
tals, Dut  a  thick  liquor  of  a  cherry -red  colour. 

Vauquelin  has  shown  that  the  malic  acid  may  be  obtained  ad- 
vantageously from  the  juice  of  house-leek  (sem/iervhmm  leccorum) 
by  adding  acetate  of  lead,  and  decomposing  the  insoluble  malate 
with  sulphuric  aid.  It  is  formed,  also,  by  the  action  of  nitric  acid 
on  sugar.  Equal  weights  of  the  two  are  to  be  distilled  together, 
till  the  mixture  assumes  a  brown  colour.  The  oxalic  acid  may  be 
separated  by  adding  lime  water  ;  after  which,  the  remaining  liquor 
is  to  be  saturated  with  lime  and  filtered.  On  the  addition  of  alco- 
hol a  coagulum  of  malate  of  lime  is  formed,  which  may  be  dissolved 
in  water,  and  decomposed,  as  before  directed,  by  acetate  of  lead; 
and  afterwards  by  sulphuric  acid. 

The  malic  acid  is  liquid,  and  incapable  of  being  crystallized; 
for,  when  evaporated,  it  becomes  thick  and  viscid,  like  syrup.  It  is 
very  soluble  in  water.  By  keeping,  it  undergoes  a  kind  of  decom- 
position. Nitric  acid  converts  it  into  oxalic  acid.  It  unites  with 
alkalis  and  earths.  With  lime  it  forms  a  salt  which  is  almost  inso- 
luble in  cold  water,  but  readily  soluble  by  hot ;  and  in  consequence 
of  this  last  property,  it  may  be  easily  separated  from  the  oxalic, 
citric,  and  tartaric  acids.  It  precipitates  mercury,  lead,  and  silver 
from  nitric  acid ;  and  decomposes,  also,  the  solution  of  gold. 

Art.  4. — Tartaric  Acid,  and  its  Combinations. 

The  tartaric  acid  is  generally  obtained  from  the  supcrtartratc  of 
potash  (common  cream  of  tartar)  by  the  following  process: 

Let  100  parts  of  finely  powdered  cream  of  tartar  be  intimately 
mixed  with  about  thirty  parts  of  pulverized  chalk.  This  is  best 
done  by  grinding  them  together  in  a  mortar,  and  passing  the  mix- 
ture through  a  sieve.  Let  the  mixture  be  thrown,  by  spoonfuls, 
Into  eight  or  ten  times  its  weight  of  boiling  water  ;  waiting  for  the 
cessation  of  the  violent  effervescence,  which  is  produced  by  each 
addition,  before  anymore  is  thrown  in.  This  method  I  find  prefer- 
able to  the  entire  solution  of  the  cream  of  tartar  in  the   first  in- 
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stance,  which  requires  a  very  large  quantity  of  water.  If  it  should 
appear,  irom  the  effect  of  the  liquor  on  litmus  paper,  that  the  chalk, 
has  not  been  added  in  sufficient  quantity,  more  may  be  gradually 
used,  till  the  colour  of  the  litmus  is  no  longer  reddened. 

By  this  operation,  a  quantity  of  insoluble  tartrate  of  lime  will  be 
formed,  which  is  to  be  allowed  to  subside,  and  washed,  three  or 
four  times,  with  cold  water.  To  the  tartrate  of  lime,  diffused 
through  a  sufficient  quantity  of  water,  concentrated  sulphuric  acid 
may  be  added,  equal  in  weight  to  the  chalk  which  has  been  employ- 
ed. The  mixture  may  be  allowed  to  stand  for  24  hours,  during 
which  it  should  be  frequently  agitated.  Assay  a  little  of  the  clear 
liquor, by  pouring  into  it  some  solution  of  acetate  of  lead.  A  co- 
pious precipitate  will  be  formed,  which  may  either  consist  of  tar- 
trate of  lead,  or  of  a  mixture  of  tartrate  with  sulphate  of  lead. 
To  determine  this,  add  diluted  nitric  acid,  which  dissolves  the  tar- 
trate but  not  the  sulphate.  A  small  proportion  of  the  latter  is  de- 
sirable because  the  tartrate  of  lime  cannot  be  wholly  decomposed 
without  an  excess  of  sulphuric  acid  ;  but  a  large  excess  of  that 
acid  is  injurious,  from  its  re-acting  on  the  tartaric  acid,  when  heat  is 
applied  in  the  subsequent  part  of  the  process.  The  deficiency  of 
sulphuric  acid  should  be  supplied  by  adding  more  ;  or  a  great  re- 
dundance of  it  removed  by  the  addition  of  a  little  chalk.  The  eva- 
poration of  the  solution  may  now  be  carried\>n,  in  a  manner  pre- 
cisely similar  to  that  directed  for  the  citric  acid  ;  and  the  crystals 
purified  by  a  second  solution  and  evaporation. 

The  liquor  remaining  after  the  addition  of  chalk,  consists  of  the 
neutral  tartrate  of  potash.  It  may  be  decomposed  by  adding  mu- 
riate of  lime,  till  no  farther  precipitation  ensues.  An  insoluble 
tartrate  of  lime  falls  down,  which  may  be  decomposed  by  sul- 
phuric acid  in  the  way  already  directed.  Or  the  tartrate  of  potash 
may  be  evaporated  to  dryness,  and  reserved  for  other  purposes. 
If  the  tartrate  of  lime  be  formed  by  the  first  operation  only,  the 
product  of  crystallized  acid  amounts  to  between  one  fourth  and  one 
fifth  the  weight  of  the  cream  of  tartar.  But  the  decomposition 
by  muriate  of  lime  doubles  the  quantity  of  acid  produced. 

Quicklime  has  been  recommended  as  a  substitute  for  chalk  in 
this  process ;  but  I  have  never  found  that  it  could  be  employed 
vith  any  advantage  ;  for  a  quantity  of  caustic  potash  is  set  at  liberty 
by  its  action,  which  dissolves  the  tartrate  of  lime,  and  prevents  it 
from  precipitating.  When  chalk  is  employed  for  saturation,  that 
part  of  the  acid  only  is  neutralized,  which  constitutes  the  sufier- 
salt  ;  but  with  quicklime  the  operation  is  carried  still  farther,  and 
the  neutral  tartrate,  also,  abandons  its  arid. 

The  tartaric  acid  forms  regular  crystals,  the  shape  of  which 
varies  considerably  according  to  the  circumstances  of  their  pre- 
paration. They  require  for  solution  five  or  six  parts  of  water  at 
60°  Fahrenheit;  but  are  much  more  soluble  in  boiling  water.  The 
solution,  like  that  of  most  other  vegetable  acids,  acquires  a  mouldy 
pellicle  by  keeping.  The  crystals  were  found  by  Berzelius  t* 
consist  of 
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Real  acid     ....     88.75 
Water 11.25 


luo. 

Bergman  exposed  tartaric  acid  to  distillation  with  nitric  acid,  in 
the  manner  of  obtaining  oxalic  acid,  but  without  being  able  to  pro- 
duce the  latter  acid.  Hermstadt,  however,  by  using  a  very  con- 
centrated nitric  acid,  succeeded  in  converting  the  tartaric  into  the 
oxalic  acid,  and  from  six  drachms  of  the  former  obtained  four 
drachms  and  two  scruples  of  the  later.  Westrumb,  also,  was 
successful  in  the  same  attempt,  and  adds  that  the  tartaric  acid 
may  be  changed  into  the  acetic  by  digestion  with  water  and  al- 
cohol. 

When  distilled  alone  in  a  strong  heat,  the  tartaric  aciii  is  de- 
composed ;  it  yields  a  quantity  of  dark-coloured  acid  liquor,  which 
has  erroneously  been  supposed  to  be  acetic  acid  ;  aj,id  a  large  quan- 
tity of  combustible  gas  is  obtained. 

From  the  experiments  of  Fourcroy  and.  Vauquelin,  it  appears 
that  the  pyro-tartaric  acid  is  a  peculiar  ?,pecies.  From  the  acetic, 
it  differs  in  being  less  volatile  and  les=,  odorous  ;  in  being  crystal- 
lizable  by  evaporation  ;  and  in  affording,  with  potash,  a  salt  which 
precipitates  acetate  of  lead.  It  io  distinguished  from  the  tartaric 
acid,  in  not  occasioning  any  precipitate  from  the  acetates  of  lime, 
of  barytes,or  of  lead  ;  and  in  not  forming,  with  potash,  an  insolu- 
ble salt  when  the  acid  is  ir>  excess.  Influenced  by  the  results  of 
these  experiments,  the  same  chemists  submitted  the  pyro-mucous 
and  pyro-lignous  acids  to  a  fresh  and  rigid  examination,  which  ter- 
minated in  the  conviction  that  they  both  consist  of  acetic  acid, 
holding  in  combination  a  quantity  of  empyreumatic  oil.* 

Tartaric  acid  has  been  recently  analyzed  by  Gay  Lusyac  and 
Thenard,  and  by  Berzelius  ;  and  their  results  are  contained  in  the 
following  Table.     One  hundred  parts  consist, 

Carbon.  Oxygen.  Hydrogen. 
According  to  Gay  Lussac,  of  .  .  24.050  ....  69.321  .  .  .  6.629 
——Berzelius,  of  .  .  .  .  35.98     ....  60.28     .  .  .   3.74 


The  disagreement  of  these  results  arises,  probably,  from  the 
omission  of  part  of  the  water  of  crystallization  in  the  estimate  of 
the  two  first  mentioned  chemists. 

Tartaric  acid  unites  with  alkaline  and  earthy  bases,  and  affords  a 
distinct  class  of  salts  called  tartrates. 

Tartrate  of  votash  may  be  obtained  by  adding  sub-carbo- 
nate of  potash  either  to  cream  of  tartar,  or  to  the  solution  of  the 
crystallized  acid,  till  all  effervescence  ceases.  According  to  Von 
Packen  120  grains  of  sub-carbonate  require  for  saturation  112  of 
pure  tartaric  acid.  Mr.  R.  Phillips  finds  that  100  parts  of  cream  of 
tartar  require  for  neutralization   43  J  of  subcarbonate   of  potash 

*  Annales  de  Chimie,  Ixiv.  42  ;  or  Nicholson's  Journal,  xxvL  44. 
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The  resulting;  salt  is  very  soluMe,  aad  even  deli  juescint.     It  is 
composed,  according  to  Berzeliu-.,  of 

Acid     ....     58.69     ...      100 
Base     ....     41.31     .     .     .      70.4 


100. 


Super-tartrate  of  potash. — If  into  a  solution  of  the  neu- 
tral tartrate,  we  pour  a  solution  of  tartaric  acid,  a  white  powder 
falls  down  irk  great  abundance,  which  is  a  compound  of  the  neutral 
salt,  and  an  additional  quantity  of  acid.  This  is  an  example  of  the 
diminution  of  solubility,  by  an  increased  proportion  of  the  acid  in- 
gredient of  a  salt.  The  tartaric  acid,  in  this  proportion,  has  even 
so  strong  an  affinity  for  potash,  that  it  separates  this  alkali  from  the 
mineral  acids.  Thus  by  adding  tartaric  acid  to  the  muriate  of  pot- 
ash, we  obtain  a  precipitate  of  super-tartrate  of  potash. 

The  substance  which  is  known  in  commerce  under  the  name  of 
tartar,  is  an  impure  variety  of  this  salt.  When  purified,  it  affords 
white  crystals,  which,  by  being  reduced  into  powder,  form  the 
cream  of  tartar  of  the  shop3. 

Super-tartrate  of  potash  requires  for  its  solution  a  very  large 
quantity  of  water,  not  less  than  120  parts  of  water  at  60°  Fahren- 
leit,  or  30  at  212°.  Hence  its  solution  deposits  the  salt  on  cooling 
in  such  quantity  as  amounts  almost  to  precipitation. 

From  the  experiments  of  Berzelius,  its  composition  may  be 
stated  at 

Acid     .     .     .     70.45     ...     100 
Potash       .     .     24.80     .     .     .       35.2 
Water      .    .      4.75 


100. 

This  small  portion  of  water  appears  to  be  essential  to  the  salt; 
for  it  cannot  be  separated  by  heat,  without  decomposing  the  acid. 
When  100  grains  of  the  salt  are  incinerated,  so  as  to  destroy  the 
acid,  the  alkali  obtained  is  exactly  sufficient  to  neutralize  100 
grains  of  the  supertartrate  ;  a  proof  that  the  potash  in  the  acidu- 
lous salt  is  combined  with  twice  as  much  acid  as  in  the  neutral 
compound. 

By  the  destructive  distillation  of  super-tartrate  of  potash,  Four- 
croy  and  Vauquelin  obtained,  exclusively  of  acid  and  charcoal,*  of 

Pure  dry  sub-carbonate  of  potash  350 

Tartrate  of  lime 

Silex  

Alumine 

Iron  and  manganese     . 

Tartrate  «f  potash  and  soda  may  be  formed  by  neutral- 
•  Annales  de  Chimie,  Ixiv-  48. 


6 
1.2 

0.25 
0.75 
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izing  24  parts  of  cream  of  tartar  with  18  parts  of  uub-carbonatc  of 
soda.  The  resulting  salt  is  well  known,  from  its  being  employed 
in  medicine  under  the  name  of  Rochcllc  Salt.  It  requires,  for  so- 
lution, about  five  parts  of  cold  water,  but  much  less  at  the  boiling 
temperature.  From  the  experiments  of  Vauquelin  it  appears  to 
be  composed  of  54  parts  of  tartrate  of  potash,  and  46  parts  of  tar- 
trate of  soda. 

The  earthy  tartrates  have  no  particularly  interesting  proper- 
ties. With  the  exception  of  those  of  magnesia  and  aluminc,  they 
are  insoluble.  Tartrate  of  lime  consists  of  17 \  acid  and  22$  base  ; 
and  tartrate  of  lead  of  37$  acid  and  62$  oxide. 

Art.  5.— Benzoic  Acid. 

This  may  be  obtained  from  a  substance  termed  gum  benzoin 
or  benjamin.  The  process  consists  in  pulverizing  q  pound  and  a 
half  of  gum  benzoin  with  four  ounces  of  quicklime,  and  then  boil- 
ing them  for  half  an  hour  in  a  gallon  of  water,  constantly  stirring. 
When  cold,  the  clear  liquor  is  poured  off;  and  what  remains  is  boil- 
ed, a  second  time,  in  four  pints  of  water,  the  liquor  being  poured  off 
as  before.  The  mixed  liquids,  after  being  boiled  to  one  half,  are  fil- 
tered through  paper;  and  muriatic  acid  is  gradually  added,  until  it 
ceases  to  produce  a  precipitate.  Finally, after  havingdecanted  the 
liquid,  the  powder  is  dried  in  a  gentle  heat,  and  sublimed  from  a 
proper  vessel,  placed  in  a  sand-bath,  into  cones  of  writing  paper.* 

Benzoic  acid  has  a  peculiar  and  not  disagreeable  odour.  Its  crys- 
tals are  soft,  and  cannot  be  reduced  to  powder.  It  is  vdatilized,  in 
white  fumes,  by  a  moderate  heat.  It  requires  for  solution  about  24 
times  its  weight  of  boiling  water,  which,  as  it  cools,  lets  fall  |£ths  of 
what  it  had  dissolved.  It  is  soluble  in  alcohol. 

The  composition  of  this  acid  has  been  ascertained  by  Bo^eelius,  as 
follows  % 

Carbon  .... 
Oxygen  .... 
Hydrogen     .     .     . 

100. 

The  compounds,  which  it  forms  with  alkaline  and  earthy  bases, 
called  benzoates,  are  fully  described  by  Hisinger  in  the  40th  vo- 
lume of  the  Philosophical  Magazine. 

Art.  6. — -The  Oxalic  Acid 

Is  also  found  native  in  the  juice  of  sorrel,  forming  a  quadroxalate, 
and  as  appears  from  the  experiments  of  Vauquelin,  in  the  Rheum 
Palmatum. 

*  For  the  purpose  of  merely  obtaining  the  acid  as  an  experiment,  a  small 
quantity  of  the  benzoin  may  be  thrown  on  a  hot  brick,  and  covered  with  an  ale 
glass  or  tumbler ;  the  salt  sublimes  very  quickly,  and  may  be  brushed  out  with 
a  feather     C. 


74.41 

20.43 

5.16 
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Art.  7. — Moroxylic  Add. 

Mr.  Klaproth  has  lately  discovered  a  new  acid,  combined  with 
lime  and  extract,  in  a  saline  mass,  which  exudes  from  the  trunk, 
of  the  white  mulberry,  morus  alba,  L.  It  was  collected,  by  Dr. 
Thomson,  from  trees  in  the  botanic  garden  at  Palermo  ;  and  seems 
peculiar  to  those  individuals  that  grow  in  hot  climates.  Its  cha- 
racters have  not  been  fully  ascertained.  From  its  origin,  it  has  been 
called,  by  Klaproth,  moroxylic  acid,  and  its  compounds  moroxy- 
lates.* 

Art.  8. —  The  Lactic  Acid 

(Which,  in  strictness,  should  be  classed  among  anima!  acids)  is 
obtained  from  the  white  lac  of  Madras,  from  which,  when  liquefi- 
ed, it  oozes  out  in  drops.  It  is  in  the  form  of  a  reddish  liquor, 
having  a  slightly  bitter  saltish  taste  ;  but,  on  evaporation,  it  shoots 
into  acicuiar  crystals.  It  may  be  raised  in  distillation.  It  combines 
witli  carbonate  of  lime  and  soda,  and  excites  effervescence.  It  pre- 
cipitates barytic  salts;  assumes  a  green  coiour  with  lime-water,  and 
a  purplish  one  with  sulphate  of  iron.  A  foil  account  of  its  proper- 
tits,  and  of  those  of  the  substance  that  affords  it,  may  be  found  in  Dr. 
Pearson'';  paper  in  the  Philosophical  Transactions,  1794. 

Art.  9. — Phosphoric  acid 

Exists  in  almost  all  vegetable  substances,  and  particularly  in  all 
the  varieties  ot  grain,  not  however  in  a  free  slate,  but  in  combination 
chiefly  with  potash  and  lime.  Hence  the  coal  of  almost  all  kinds 
of  seeds  affords  phosphorus  by  distillation,  a  fact  originally  observed 
by  Margraaf,  and  confirmed  by  the  recent  experiments  of  Saussure.  ■ 

Art.  10. —  The  Prussic  Acid 

Has  been  discovered  in  water  distilled  from  bitter  almonds,  from 
the  leaves  of  the  laurel,  and  from  peach  blossoms,  and  in  the  bark 
of  the  firunus  fiadus.  When  the  distilled  liquid  is  neutralized  with 
potash,  a  crystallizable  salt  is  obtained,  the  solution  of  which  throws 
down  Prussian  blue  from  the  salts  of  iron.  Vauquelin,  also,  obtain- 
ed prussic  acid  by  distilling  water,  with  a  very  gentle  heat,  from 
the  kernels  of  apiicots.J  The  properties  of  the  prussic  acid  will 
he  described  in  the  chapter  on  animal  products. 

Art.  1 1 . — Boletic  Acid. 

This  acid  was  first  obtained  by  Braconnot,  from  the  juice  of  the 
boletus  fiseudo-ignarius.fy  The  juice  was  boiled,  filtered,  and  evapo- 
rated cautiously,  to  the  consistence  of  syrup.  This  was  repeated- 
ly digested  in  alcohol;  the  insoluble  portion  was  dissolved  in  wa- 

*  See  Nicholson's  Journal,  8vo.  vii.  129.      f  Nicholson's  Journal,  xxv.  279 
4  Annalrs  de  Chiroie,  xlv.  206.  §  Thomson's  Annals,  ii  469. 
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ter,  and  precipitated  by  nitrate  of  lead.  The  white  prei  ipitate, 
thus  obtained,  was  mixrid  with  waier,  and  decomposed  by  sul- 
phuretted hydrogen  ;j;as.  The  liquid  being  evaporated,  yielded 
crystals  of  bolelic  acid. 

The  crystals,  when  purified  by  solution  in  alcohol,  and  re-crystal- 
lization, are  white,  and  have  the  shape  of  irregular  lour  siued 
prisms.  They  require  180  parts  of  water  at  68°  to  dissolve  thi  m, 
;\nd  45  parts  of  alcohol.  The  aqueous  solution  reddens  vegetable 
blues,  precipitates  nitrate  of  lead  ;  and  throws  down  the  peroxide, 
but  not  the  protoxide  of  iron,  from  its  solutions.  Nitrates  of  silver 
and  mercury  aftbrd  with  it  a  white  precipitate. 

With  the  alkalis  and  earths,  it  unites,  and  forms  a  class  of  salts, 
which  msy  be  called  boletates. 

Art.  12. — A'ew  Acid  discovered  by  Braconnot. 

A  new  acid  has  been  discovered,  by  Braconnot,  in  vegetable  sub- 
stances,* which  have  undergone  the  acetous  fermentation  He 
first  procured  it  from  rice,  which  had  been  left,  mixed  with  water, 
at  a  gentle  heat,  till  it  had  become  sour.  When  drained  in  a  woollen 
bag,  a  liquid  passed  through,  which  gave  acetous  acid  by  distilla- 
tion. Continuing  the  evaporation,  almost  to  dryness,  a  gummy 
substance  was  left,  having  a  decidedly  acid  taste.  This  was  di- 
gested in  alcohol,  and  the  solution,  evaporated  to  the  consistence  of 
syrup,  became  a  granular  crystalline  mass  with  a  strongly  acid 
taste.  It  still,  however,  contained  a  salt  with  base' of  lime.  The 
excess  of  acid  was,  therefore,  neutralized  by  oxide  of  zinc;  the 
salt  obtained  was  decomposed  bybarytes;  and  the  barytes  precipi- 
tated by  sulphuric  acid.  The  liquor,  being  now  carefully  evapo- 
rated to  a  syrup,  left  an  uncrystallizable,  almost  colourless,  acid, 
nearly  as  strong  to  the  taste  as  the  oxalic. 

With  potash  and  soda,  this  acid  gave  deliquescent  salts,  soluble 
m  alcohol ;  and,  with  ammonia,  a  crystallizable  salt.  It  formed, 
with  lime,  a  salt,  which  requited  21  times  its  weight  of  water  for 
solution;  with  strontites,  a  salt  soluble  in  8  partis  of  water;  with 
barytes  a  gummy  substance  ;  and,  with  magnesia,  small  granular 
crystals,  which  were  not  soluble  in  less  than  25  parts  of  water. 


SECTION  VI. 

Fixed  Oils. 

1.  These  oils  are  obtained,  by  pressure,  fiom  certain  vegeta- 
bles ;  as  the  olive,  the  almond,  linseed,  poppy-seed,  rape-seed,  &c. 

2.  As  thus  obtained  they  are  generally  found  combined  with 
mucilage,  to  the  spontaneous  decomposition  of  which  is  chiefly 
owing  the  change  that  oils  undergo  by  keeping,  called  rancidity. 

*  86  Ann.  de  Chim.  84. 


SECT.    VI.  FIXED  OILS.  471 

3  They  are  usually  coloured,  but  may  be  deprived  of  colour  by 
digestion  with  charcoal. 

I.  Their  specific  gravity  is  commonly  between  that  of  alcohol 
and  water.  Hence  they  sink  in  the  former,  and  float  on  the  Surface 
(jf  the  latter  fluid.  They  cannot,  by  strong  agitation,  be  brought  to 
combine  with  water,  but  always  separate  on  standing.  When  the 
seeds,  however,  which  contain  them,  are  rubbed  with  water,  espe- 
cially if  a  little  sugar  be  added,  an  imperfect  solution  is  obtained 
called  an  emulsion.  ,  On  adding  an  acid  to  this,  the  oil  is  detached, 
and  floats  on  the  surface. 

5.  The  expressed  oils  of  linseed  and  of  olives,  Mr.  Brande  finds, 
are  very  sparingly  soluble  in  alcohol  of  specific  gravity  820.  Four 
ounce  measures  of  alcohol  dissolve  a  dmchm  of  linseed  oil.  Cas- 
tor oil  is  perfectly  soluble  in  every  proportion  in  alcohol  of  .820, 
but  not  in  weaker  axohol.* 

6.  Four  ounce  measures  of  sulphuric  ether  of  specific  gravity 
.7563  are  capable  of  dissolving  f>  fluid  ounce  and  quarter  of  oil  of 
almonds  ;  a  fluid  ounce  and  half  of  olive  oil;  and  almost  any  pro- 
portion of  castor  oil.      (Brando.) 

7.  Some  of  the  iixed  oils  congeal,  or  become  solid,  by  a  very  mo- 
derate reduction  of  their  temperature  ;  and  others,  as  palm  oil,  are 
permanently  thick,  or  form  a  soft  solid  like  butter,  at  the  tempera- 
ture of  the  atmosphere. 

8.  They  unite  with  alkalis,  and  form  soap.  The  soap,  however, 
which  is  commonly  manufactured  in  this  countrv,  is  made  by  com- 
bining the  fixed  alkalis  with  tallow.  Of  the  processes  followed  in 
the  preparation  of  soap,  both  from  vegetable  and  animal  oils,  an  ex- 
cellent description  is  given  in  Messrs.  Aikins' Chemical  Dictiona- 
ry.    A  memoir  of  Chevreul   on    the  Combination  of  Alkalis  with 

'  Fat  may,  also,  be  consulted  in  the  88th  volume  of  the  Annates  cle 
Chitnie. 

Soap  is  readily  soluble  in  water.  The  solution  is  decomposed 
by  acids,  and  by  neutral  salts  with  earthy  'vises.  Hence  hard  wa- 
ters, which  contain  earthy  salts,  curdle  soap ;  their  acid  uniting 
with  the  alkali  of  the  soap,  and  setting  the  oi!  at  liberty.  When  a 
strong  solution  of  soap  is  mixed  with  one  of  a  metallic  salt,  a  sub- 
stance is  formed  termed  a  metallic  soap.  The  alkali  unites  with 
the  acid  of  the  salt,  and  the  oil  with  the  metallic  oxide. 

9.  Fixed  oils  dissolve  sulphur,  and  form  a  kind  of  balsam.  They 
act  also  on  phosphorus. 

10.  Their  properties  are  changed  by  boiling  with  metallic  oxides, 
those  of  lead  for  example.  The  mucilage  unites  with  the  oxide, 
which  probably  gives  up  a  portion  of  its  oxygen  to  the  oil,  and  the 
oil  is  rendered  drying,  and  fit  for  the  use  of  the  painter.  If  the 
oxide  be  added  in  larger  proportion,  the  mass,  when  cold,  composes 
a  plaster. 

11.  Fixed  oils,  whrn  distilled  with  a  gentle  heat,  yield  olefiant 
and  carburetted  hydrogen  gases.  A  portion  of  the  oil  passes  over, 
also,  without  decomposition.     Hence  they  cannot  be  considered  as 

*  Phil.  Trans.  1811,  p.  265. 
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absolutely  fixed,  but  have  received  this  name  chiefly  from  a  com- 
parison with  the  essential  or  volatile  oils.  By  repeated  distillations 
the  whole  of  any  fixed  oil  may  finally  be  changed  into  gaseous 
matter. 

12.  Fixed  oils  are  extremely  combustible ;  and  when  burned  in 
an  apparatus,  adapted  fur  collecting  the  products  of  their  combus- 
tion, they  afford  carbonic  acid  and  water.  It  may  be  inferred,  there- 
fore, that  they  are  composed  of  carbon  and  hydrogen,  the  propor- 
tions of  which,  according  to  the  experiments  of  Lavoisier,  are  79  of 
the  former  and  21  of  the  latter.  From  this,  statement,  however,  oxy- 
gen is  excluded,  which  it  is  probable  all  fixed  oils  contain.  Its  pre- 
sence indeed  is  almost  demonstrated  by  Sir  H.Davy's  experiments. 
When  a  globule  of  potassium,  he  observes,  is  introduced  into  any 
of  the  fixed  oils  made  hot,  the  first  product  is  pure  hydrogen,  which 
arises  from  the  decomposition  of  the  water  absorbed  by  the  crust 
of  potash  during  exposure  to  the  atmosphere.  If  the  globule  be 
previously  freed  from  this  crust,  carburetted  hydrogen  is  disengag- 
ed, coaly  matter  deposited,  and  a  soap  is  formed.  To  generate  the 
alkali,  however,  which  this  soap  contains,  oxygen  must  necessarily 
have  been  supplied  by  the  decomposition  of  the  oil.  Sir  H.  Davy 
has  also  found,  in  the  products  of  their  destructive  distillation  by 
heat,  a  proportion  of  water,  to  the  production  of  which  oxygen  is 
essential.*  But  decisive  proof  of  the  presence  of  oxygen  in  oil  has 
lately  been  supplied  by  Gay  Lussac  and  Thenard's  analysis  of  olive 
oil,  which  they  find  to  be  composed  of 

Carbon  .  .  77.213 
Oxygen  .  .  9.427 
Hydrogen       .      13.360 

100. 

The  analysis  may  also  be  stated  as  follows  ; 

Carbon 77.213 

Oxygen  and  hydrogen  in  the    >  .         . 

proportions  to  form  water      $ 
Excess  of  hydrogen       .     .     .     12.075 

100. 

13.  Nitric  acts  with  great  energy  on  the  fixed  oils.  In  a 
small  proportion,  its  chief  effect  is  to  'render  them  thicker. 
When  distilled  together  with  a  larger  proportion  of  acid  the  oil  is 
decomposed,  and  nitrous  gas  disengaged  ;  oxalic  acid  remaining 
in  the  retort.  Red  and  smoking  nitric  acid,  when  suddenly  mix- 
ed with  a  fixed  oil,  especially  with  the  addition  of  a  little  sulphuric 
acid,  occasions  a  violent  combustion.    Oxymuriatie  acid  gas,  pass- 

•  Phil.  Trans.  1808. 
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ed  through  them,  thickens  them,  and  renders  them  tenacious  like 
wax. 

14.  The  fixed  oils  have  a  singular  property,  which  has  led  some- 
times to  serious  accidents.  When  mixed  with  lamp  black,  or  with 
any  light  kind  of  charcoal,  and  even  with  several  vegetable  sub- 
stances, as  cotton,  wool, or  flax,  the  mixture,  after  some  time,  heats 
spontaneously,  and  at  length  bursts  into  flame.  This  combustion 
has  sometimes  been  observed  to  take  place  in  the  waste  cotton, 
employed  to  wipe  the  oil  from  machinery;  and  has  probably  occasion- 
ed many  of  the  dreadful  fires,  which  have  happened  in  cotton- 
mills,  and  for  which  no  adequate  cause  could  be  assigned.* 


SECTION  VII. 

Volatile  or  Essential  Oils. 

With  the  exception  of  the  oil  from  the  rinds  of  the  lemon  and 
the  orange,  which  are  obtained  by  expression,  the  essential  oils  are 
procured,  by  distilling  the  vegetables  that  afford  them,  with  a  pro- 
per proportion  of  water.  The  oil  either  sinks  to  the  bottom,  or 
swims  on  the  surface  of  the  water,  according  to  its  specific  gravity; 
but  if  the  distilled  water  be  long  kept,  Bucholz  finds  that  the  oil  is 
converted  into  mucilage. 

1.  These  oils  have  a  penetrating  smell,  and  an  acrid  taste. 

2.  They  are  volatilized  by  a  gentle  heat.  Hence  the  spot,  which 
they  leave  on  paper,  may  be  removed  by  holding  it  at  a  small 
distance  from  the  fire;  but  the  stains  from  expressed  oils  are  per- 
manent. 

3.  They  can,  with  difficulty,  be  brought  to  unite  with  alkalis. 

4.  They  are  soluble  in  alcohol. 

5.  They  do  not  unite  with  water.  With  the  intervention  of  a  lit- 
tle sugar,  however,  they  are  combinable,  in  small  proportion,  with 

water.  .  .... 

6.  When  nitric  acid  is  poured  upon  these  oils,  especially  if  it  has 
been  previously  mixed  with  one  fifth  or  one  sixth  of  sulphuric  acid, 
the  mixture  bursts  into  a  violent  flame.  This  experiment  requires 
caution,  as  the  inflamed  oil  is  apt  to  be  scattered  about. 

7.  Several  of  them  detonate,  when  rubbed  with  hyper-oxygeniz- 
ed muriate  of  potash,  and  take  fire   when  poured  into  oxymuriatic 

acid  gas.  .  . 

8. "Essential  oils  are  thickened  by  long  exposure  to  air.  This 
is  owing,  as  Dr.  Priestley  first  proved,  to  their  absorbing  oxygen, 
a  fact  which  accounts,  in  some  degree,  for  the  injurious  effects  of 
fresh  painted  rooms.  . 

9.  Potassium  decomposes  the  volatile  oils  when  heated.     Al- 

*  For  a  variety  of  cases  of  spontaneous  combustion,  both  in  the  animal  and 
vegetable  kingdom,  see  the  Emporium  of  Arts  and  Sciences,  vol.  1.    C. 

3  o 
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kali  is  formed ;  a  small  quantity  of  gas  is  evolved  ;  and  charcoal 
is  deposited. 

Camphor  resembles  the  essential  oils  in  many  properties,  but  is 
not  inflamed  by  nitric  acid,  which  converts  it  into  an  acid,  distin- 
guished by  peculiar  properties,*  and  termed  the  cam/ihoric  acid. 

For  this  purpose,  camphor  is  repeatedly  distilled  with  four  times 
its  weight  of  nitric  acid,  till  about  20  parts  of  acid  have  been  em- 
ployed. At  each  operation,  the  portion  of  camphor,  which  sublimes 
and  escapes  decomposition,  is  to  be  returned  into  the  retort.  The 
acid  is  susceptible  of  crystallization  ;  the  crystals  effloresce  in  the 
air,  and  are  soluble  in  100  times  their  weight  of  cold,  or  in  1 1  times 
their  weight  of  boiling  water;  they  are  combustible;  and  burn 
with  a  dense,  aromatic  smoke  ;  they  mell  and  sublime  with  a  gen- 
tle heat,  and  dissolve  in  the  mineral  acids.  They  dissolve  also  in 
about  six  times  their  weight  of  cold  alcohol,  or  to  any  amount  in 
boiling  alcohol ;  and  are  not  precipitated  by  water.  With  alkalis 
and  earths  they  compose  a  class  of  salts  called  camphorates. 
Fifty  grains  of  the  acid  are  saturated  by  28  of  carbonate  of  lime, 
=  15.7  pure  lime. 

A  singular  substance,  very  much  resembling  camphor  in  its  sen- 
sible and  chemical  properties,  may  be  obtained  by  passing  muriatic 
acid  gas  through  essential  oil  of  turpentine,  which  absorbs  about  a 
third  of  its  weight.  The  oil  of  turpentine  becomes  thick,  from  an 
abundance  of  a  white  crystalline  substance  which  forms  in  it. 
This  may  be  separated  by  draining  off  the  liquid  ;  and  is  found 
rather  to  exceed  the  weight  of  the  essential  oil  submitted  to  ex- 
periment.! It  is  white,  crystalline,  granular,  volatile  in  a  mode- 
rate heat,  and  has  very  much  the  smell  of  camphor.  By  exposure 
to  the  air,  it  soon  loses  its  property  of  reddening  vegetable  blue 
colours.  As  to  the  theory  of  its  production,  Thenard  is  of  opinion 
that  no  decomposition  of  the  oil  of  turpentine  takes  place;  but 
that  the  muriatic  acid  unites  to  it  entire.  Ordinary  camphor  of 
commerce,  he  supposes  from  analogy,  to  be  a  compound  of  an  es- 
sential oil  and  a  vegetable  acid. 


SECTION  VIII. 

Resins. 

Resins  are  the  inspissated  juices  of  certain  plants,  and  are  ge- 
nerally obtained  by  wounding  their  bark.  Copal,  or  lac,  may  bs 
taken  as  an  example.  Dragon's  blood,  guaiacum,  sandarach,  lab- 
danum,  common  resin,  and  turpentine,  are  also  varieties  of  this 
substance. 

1.  They  have  generally  a  yellow  colour,  and  are  imperfectly 
transparent.     In  specific  gravity  they  exceed  water. 

•  Bucholz,  84,  Ann.  de  Chim.  301. 
f  Thenard,  Mcmoires  d'Arcueil,  ii. 
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2.  They  are  dry,  brittle,  and  extremely  inflammable. 

3.  They  dissolve  in  alcohol,  ether,  and  essential  oils ;  but  not  at 
all  in  water,  which  even  precipitates  them  from  the  foregoing 
solvents. 

4.  Both  acids  and  alkalis  act  on  them  ;  the  pure  alkalis  most  re- 
markably. The  alkaline  solution  is  clear,  and  may  be  diluted  with 
water  without  decomposition ;  but  acids  immediately  precipitate 
the  resin.  By  mixing  it  with  a  solution  of  a  metallic  salt,  the 
oxide  is  precipitated  in  combination  with  resin. 

5.  By  long  continued  and  repeated  digestion  with  nitric  acid, 
the  resins  afford  a  deep  yellow  solution,  which  has  the  property  of 
precipitating  animal  gelatine,  and  agrees,  therefore,  with  tannin. 
No  oxalic  acid  is  obtained  by  this  process,  a  circumstance  which 
distinguishes  the  resins  from  all  other  vegetable  substances. 

6.  Concentrated  sulphuric  acid  dissolves  the  powdered  resins. 
If  the  solution  be  digested  in  a  moderate  heat,  sulphurous  acid  is 
first  evolved  ;  in  a  few  days  this  ceases  ;  and  a  black  porous  coal 
remains,  equal  to  between  a  fifth  and  a  third  the  weight  of  the  re- 
sin which  has  been  employed  ;  whereas,  by  incineration  in  close 
vessels,  scarcely  T^th  part  their  weight  of  coal  is  obtained.   _ 

Acetic  acid  dissolves  resins,  which  are  precipitated  from  it  by 
the  addition  of  water. 

7.  Resins  are  the  basis  of  varnishes,  and  are  much  used  in  me- 
dicine. ...  C 

Balsams  are  liquid  resins  holding  in  combination  a  proportion  ot 

benzoic  acid.*  . 

Gum-Resins,  along  with  resin,  have  an  admixture  of  extractive 
matter.  They  dissolve  partly  in  water,  and  partly  in  alcohol. 
They  are  almost  solely  used  in  medicine.  Assafoetida,  gum-am- 
moniac, aloes,  gamboge,  myrrh,  opium,  Sec,  are  varieties  of  gum- 

resin.f  ,.~      r  .t_ 

Guaiacum  was  observed  by  Mr.  Hatchett  to  differ  from  other 
resins  in  giving  oxalic  acid  by  the  action  of  nitric  acid,  and  very 
little  tannin.  In  other  respects,  also,  it  has  been  since  shown,  by 
Mr.  Brande,  to  possess  properties  that  do  not  agree  with  those  ot 

resins  in  eeneral.i  .  „      ,.    ... 

Amber  is  a  resin  possessed  of  peculiar  properties.  By  distilla- 
tion it  yields  a  distinct  acid,  called  the  succinic. —To  prepare  this 
acid,  let  a  (Hass  retort  behalf  filled  with  powdered  amber,  and  the- 
remainder  with  fine  dry  sand.  Lute  a  receiver,  and  apply  a  gen- 
lis  heat.  A  portion  of  water  first  comes  over,  wnich  is  succeed- 
ed bv  a  weak  acetic  acid.  The  succinic  acid  then  sublimes  ;  but 
is  contaminated  by  a  mixture  of  oil  It  may  be  purified  by  solu- 
tion and  crystallization;  and  it  then  forms  transparent  white  shin- 
ing crystals,  having  the  form  of  triangular  prisms.     I  hey  are  so- 

and  Peltetier's  in  the  80th  vol.  of  Annates  de  Chimic. 
$  Philosophical  Transactions,  1806. 
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luble  in  24  times  their  weight  of  water,  and  in  boiling  alcohol. 
The  solution  reddens  the  blue  colour  of  turnsole,  but  not  that  of 
violets,  and  has  an  acid  taste.  It  combines  with  alkalis,  See,  and 
forms  succinates,  the  most  important  of  which  is  the  succinate  of 
ammonia.  This  salt  decomposes  all  the  solutions  of  iron  ;  and  af- 
fords an  insoluble  precipitate,  composed  of  succinate  of  iron. 
Hence  it  is  highly  useful  in  the  analysis  of  mineral  waters. 


SECTION  IX. 

Farina^  Starch,  or  Fecula. 

Starch  may  be  obtained  from  the  flour  of  most  varieties  of 
grain,  from  the  roots  of  the  potato,  and  from  almost  every  part  of 
vegetables,  by  a  very  simple  process.  The  grain  in  the  state  of 
fine  powder,  or  the  root  well  rasped,  is  to  be  washed  with  a  quan- 
tity of  cold  water  which  becomes  turbid,  and  if  the  fecula  is  white, 
milky.  The  fecula,  however,  is  not  dissolved,  but  merely  suspend- 
ed mechanically ;  and,  after  separating  the  fibrous  and  grosser 
parts  by  a  sieve,  it  subsides  to  the  bottom  of  the  vessel.  The 
liquid,  which  contains  the  soluble  parts  of  the  vegetable,  is  to  be 
decanted,  and  the  farina  to  be  washed  by  repeated  affusions 
of  cold  water.     It  may,  afterwards,  be  dried  in  a  gentle  heat. 

From  the  analysis  of  Dr.  Pearson,*  we  learn  that  100  parts  of 
the  fresh  potato  root,  deprived  of  skin,  afford 

Water     .     .     .     68  to  72 
Meal        .     .     .     32  to  28 

100      100 

The  meal  is  composed  of  three  distinct  substances  ;  viz. 

Fecula 15  to  17 

Fibrous  matter      ...      8  to    9 
Extract  or  mucilage       .      5  to    6 

28       32 

Some  useful  information  respecting  the  quantity  of  fecula  in  dif- 
ferent varieties  of  the  potato,  and  the  methods  of  separating  it, 
has  been  given  by  Mr.  Skrimshire  in  the  21st  volume  of  Nichol- 
son's Journal. 

Common  starch  may  be  taken  as  an  example  of  fecula.  It  will 
be  found  to  have  the  following  qualities  : 

1.  It  is  not  soluble  in  water,  unless  when  heated  to  160°  ;  and  if 

*  Repertory  of  Arts,  iii.  383.  The  analysis  of  several  varieties  of  the  pota- 
to by  Lampadius  may  be  teen  in  Thomson's  Annals,  v.  39. 
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the  temperature  be  raised  to  18'J°,  the  solution  coagulates  into  a 
thick  tenacious  transparent  jelly.  By  evaporation  at  a  low  heat, 
this  jeily  shrinks,  and  at  length  forms  a  transparent  brittle  sub- 
stance closely  resembling  gum.  The  solution  of  starch  in  a  large 
quantity  of  water  is  precipitated  by  Goulard's  extract  of  lead  ;  but 
not  by  any  other  metallic  salt. 

2.  Farina  is  insoluble  in  alcohol,  and  in  ether. 

3.  Pure  liquid  alkalis  act  on  starch,  and  convert  it  into  a  trans- 
parent jelly.     The  compound  is  soluble  in  alcohol. 

4.  Sulphuric  acid  dissolves  it  slowly  ;  sulphurous  acid  is  evolv- 
ed ;  and  so  much  charcoal  is  disengaged,  that  the  vessel  may  be 
inverted,  without  spilling  its  contents. 

5.  Nitric  acid,  at  the  temperature  of  the  atmosphere,  acts  on 
starch,  and  dissolves  it;  but  no  oxalic  acid  appears  subsequently, 
unless  heat  be  applied.  Hot  nitric  acid  is  decomposed  by  starch, 
and  oxalic  acid  is  generated. 

6.  Starch,  as  it  exists  in  grain,  is  spontaneously  convertible  into 
sugar.     On  this  property  is  founded  the  process  of  malting. 

Another  method  of  converting  starch  into  sugar  was  discovered, 
three  or  four  years  ago,  by  M.  Kirchoff  of  St  Pelersburgh.  The 
change  is  effected  by  the  action  of  sulphuric  acid,  which  is  boiled, 
for  many  hours,  with  starch  and  water.  The  process  has  been  suc- 
cessfully repeated  by  several  persons,  and  among  the  rest  by  M. 
Vogel,*  and  by  Dr.  Tuthill  of  London. t  The  latter  digested  a 
pound  and  a  half  of  potato  starch  (obtained  from  8$  pound  of  po- 
tatoes) six  pints  of  distilled  water,  and  a  quarter  of  an  ounce  by 
weight  of  sulphuric  acid,  in  an  earthen  vessel,  at  a  boiling  heat  ; 
the  mixture  being  frequently  stirred,  and  kept  at  an  uniform  degree 
of  fluidity  by  the  supply  of  fresh  water.  In  24  hours  there  was  an 
evident  sweetness,  which  increased  till  the  close  of  the  process;  at 
the  end  of  34  hours,  an  ounce  of  finely  powdered  charcoal  was 
added,  and  the  boiling  kept  up  two  hours  longer.  The  acid  was 
then  carefully  saturated  by  recently  burned  lime;  aud  the  boiling 
continued  for  half  an  hour,  after  which  the  liquor  was  passed  through 
calico,  and  the  substance,  remaining  on  the  drainer,  washed  re- 
peatedly with  warm  water.  This,  when  dry,  weighed  seven  eighths 
of  an  ounce,  and  consisted  of  charcoal  and  sulphate  of  lime.  The 
clear  liquor,  being  evaporated  to  the  consistence  of  syrup,  and  set 
aside,  was  in  eight  days  converted  into  a  crystalline  mass,  resem- 
bling common  brown  sugar  with  a  mixture  of  treacle.  The  sac- 
charine matter,  which  Dr.  Tuthill  judged  to  be  intermediate  be- 
tween cane  sugar  and  grape  sugar,  weighed  one  pound  and  a  quar- 
ter. By  fermenting  one  pound  of  this  substance  in  the  usual  man- 
ner, and  distilling  and  rectifying  the  product,  fourteen  drachms  by 
measure  of  proof  spirit  were  obtained. 

The  theory  of  this  process  is  not  clearly  understood.  It  has  been 
ascertained,  by  Votrel  and  Bouillon  la  Grange,  th;-  the  sulphuric 
acid  is  not  decomposed;  and  its  agency  (which  appears  essential 
to  the  change)  can  only,  therefore,  consist  in  producing  a  slight  al- 

•  Ann.  de  Chim.  1.  82.  t  N»ch'  Journ.  vol.  33. 
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te ration  in  the  arrangement,  and  probably  in  the  proportion,  of  the 
elements  of  :'ae  starch. 

7.  Starch  is  said  by  Dr.  Thomson  to  be  capable  of  entering  into 
chemical  union  with  tan.*  Of  the  existence  of  such  a  combina- 
tion, however,  Dr.  Bostock  has  found  reason  to  doubt. t 

8.  Starch  has  been  analyzed  by  Gay  Lussac  and  Thenard,  and 
by  Berzelius,  and  the  near  coincidence  of  their  results,  obtained 
by  different  methods,  is  a  strong  presumption  in  favour  of  their  ac- 
curacy.    It  consists, 

Carbon.  Oxygen.         Hydrogen. 
According  to  Gay  Lussac,  of    .  43.55     ....  49.68     ....  6.77 
Berzelius,      of    .  43.481    ....  48.455  ....  7.064 

9.  When  strongly  heated,  starch  becomes  first  yellow,  and  after- 
wards a  reddish  brown  ;  it  softens,  swells,  and  exhales  a  penetrat- 
ing smell.  If  the  process  be  stopped,  a  substance  is  the  result, 
which  is  employed  by  calico-printers  under  the  name  of  British 
gum.  This  substance,  however,  Vauquelin  finds,  is  not  a  true  mu- 
cilage ;  for  with  nitric  acid  it  gives  only  oxalic  acid,  and  no  mu- 
cous acid.J 

10.  When  starch  is  distilled  in  close  vessels,  it  yields  an  acid, 
which  has  been  called  the  pyromucous,  but  which,  in  fact,  is  no- 
thing more  than  vinegar,  with  an  admixture  of  empyreumatic  oil. 

11.  When  starch  and  iodine  are  triturated  together,  both  in  a 
dry  state,  the  starch  assumes  a  violet  tint,  which  passes  to  blue  or 
to  black,  according  to  the  proportions  that  are  employed.  The  co- 
lour of  this  iocluret  of  starch  is  reddish,  if  the  starch  be  in  excess; 
a  beautiful  blue,  when  the  two  bodies  are  in  due  proportion ;  and 
black,  when  the  iodine  prevails.§  This  compound  is  soluble  in  di- 
luted sulphuric  acid,  and  the  liquor  is  of  a  fine  blue  colour.  Con- 
centrated sulphuric  acid,  also,  dissolves  it,  and  the  solution  is 
brown,  but  passes  to  a  beautiful  blue  on  the  addition  of  water. 
There  is  also  a  sub-ioduret  of  starch,  which  is  white,  but  becomes 
blue  by  the  action  of  almost  any  acid.|| 


SECTION  X. 

Gluten. 

Gluten  maybe  obtained  from  wheat-flour,  by  a  very  simple  pro- 
cess. The  flour  is  first  to  be  formed,  by  the  gradual  addition  of  a 
small  quantity  of  water,  into  a  soft  and  ductile  paste.     This  is  to  be 

*  Nicholson's  Journal,  8vo.  ix.  74. 

f  Ditto,  xviii.  33. 

+  80  Ann.  de  C.tim.  317.  See  also  Thomson's  Annals,  v.  xxxviii.  and  Ann. 
de  Chim.  xc.  29. 

§  A  single  grain  of  iodine  will  sensibly  colour  3  or  4oz.  of  starch,  by  long 
continued  trituration.     C. 

[I  Colin  and  Gaultier  de  Claubry.    90  Ann.  de  Chim.  100. 
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washed  by  a  very  slender  stream  of  water,  and,  at  the  same  time, 
to  be  constantly  worked  between  the  fingers.  The  water  carries 
off  the  starch,  and  lor  some  time  is  rendered  milky.  When  it 
passes  off  transparent,  the  washing  maybe  discontinued^  and  the 
pure  gluten  remains  in  the  hands. 

The  following  are  the  properties  of  gluten  : 

1.  It  is  of  a  grey  colour,  and  has  so  much  elasticity,  that,  when 
drawn  out,  it  recovers  itself  like  elastic  gum.  It  has  scarcely  any 
taste,  and  does  not  melt  or  lose  its  tenacity  in  the  mouth. 

2.  When  exposed  to  a  gentle  heat,  it  dries  very  slowly,  and  be- 
comes hard,  brittle,  semi-transparent,  of  a  dark  brown  colour,  and 
somewhat  like  glue.  When  broken  it  has  the  fracture  of  glass. 
In  this  state  it  is  insoluble  in  water. 

3.  When  kept  moist,  it  ferments  and  undergoes  a  sort  of  putre- 
faction, emitting  a  very  offensive  odour.  At  the  same  time  a  por- 
tion of  acid  is  developed,  which  is  perceivable  by  its  smell,  and 
which  considerably  retards  the  putrefaction  of  the  gluten.  In  this 
circumstance,  chiefly,  it  differs  from  animal  gluten. 

4.  When  suddenly  heated,  it  first  shrinks;  then  melts,  blackens, 
and  emits  a  smell  like  that  of  burning  horn.  By  distillation  in 
close  vessels,  it  yields  a  portion  of  water  impregnated  with  carbo- 
nate of  ammonia ;  a  considerable  quantity  of  brown  fetid  thick 
oil ;  solid  sub-carbonate  of  ammonia  ;  and  carburetted  hydrogen 
gas.  These  products  resemble,  very  closely,  those  of  animal  sub- 
stances. 

5.  It  is  generally  described  to  be  insoluble  in  water,  in  alcohol, 
and  in  ether.  After  fermentation,  it  is  partially  soluble  in  alcohol, 
and  the  solution  may  be  applied  to  the  purposes  of  varnish.  From 
the  recent  experiments  of  Dr.  Bostock,  gluten  appears,  however, 
by  long  digestion,  to  be  partly  soluble  in  water.  The  solution  is 
precipitated  by  acetate  and  super-acetate  of  lead,  by  muriate  of 
tin,  and  by  other  re-agents.* 

6.  All  acids  dissolve  it,  and  alkalis  precipitate  it,  but  considerably 
changed,  and  deprived  of  its  elasticity.  It  undergoes  a  similar 
change  when  dissolved  in  pure  alkalis,  and  precipitated  by  acids. 

7.  It  exists  most  abundantly  in  wheat-flour,  of  which  it  consti- 
tutes about  one  fourth,  and  is  essential  to  its  soundness;  but  it  is 
found,  also,  in  various  vegetable  juices.f 


SECTION  XI. 

Caoutchouc^  or  Elastic  Gum. 

Caoutchouc  is  chiefly  the  product  of  two  trees,  which  are  the 
growth  of  Brazil ;  the  Hoevea  Caoutchouc  and  Jalrofiha  Elastica. 
When  the  bark  of  these  trees  is  wounded,  a  white  milky  juice  flows 

•  Nicholson's  Journal,  xviii.  34.  , 

f  See  Proust  on  the  Green  Fecula  of  Vegetables,  Nicholson  s  Journal,  8vo«v 
273. 
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out,  which  speedily  concretes  in  the  air  into  an  elastic  substance; 
and,  when  the  juice  is  applied  in  successive  coats,  upon  clay  moulds, 
it  forms  the  globular  bottles,  which  are  brought  to  this  country. 
By  an  immediate  and  careful  seclusion  from  air,  the  juice  may  be 
preserved  some  time  from  concreting,  and  has  occasionally  been 
brought  to  Europe  in  a  liquid  state.  But  even,  when  thus  preserv- 
ed, a  part  ot  it,  in  the  course  of  time,  passes  to  a  solid  form.  If  it 
could  easily  be  imported  in  a  fluid  state,  it  would  be  invaluable, 
from  its  application  to  the  rendering  cloth,  leather,  and  other  sub- 
stances impervious  to  water. 

1.  Caoutchouc  is  inflammable,  burning  with  a  bright  flame  in  at- 
mospherical air,  and  with  still  greater  brilliancy  in  oxygen  gas  , 
or  in  oxymuriatic  gas. 

2.  It  is  insoluble  in  water  and  in  alcohol.  If  long  slips  of  caout- 
chouc, however,  are  tied  spirally  round  a  glass  or  metal  rod,  and 
boiled  for  an  hour  or  two,  the  edges  cohere,  and  a  hollow  tube  is 
formed. 

3.  Caoutchouc  is  soluble  in  ether ;  not,  however,  in  the  ordinary 
state  of  this  fluid  as  it  is  found  in  the  shops.  To  render  ether  a  tit 
solvent  of  tnis  substance,  it  should  be  purified  by  washing  it  with 
water,  in  the  manner  to  be  hereafter  described.  The  solution  may 
be  applied  to  the  purpose  of  forming  tubes  or  vessels  of  any  shape. 
The  principal  difficulty  in  using  it  arises  from  the  great  volatility 
of  the  ether,  in  consequence  of  which  the  brushes,  or  other  in- 
struments, by  which  it  is  applied,  are  soon  clogged  up,  and  render- 
ed useless. 

4.  Caoutchouc  is  soluble  in  volatile  oils ;  but  when  they  have 
evaporated,  they  leave  it  in  a  glutinous  state,  and  deprived  of 
much  of  its  elasticity.  Petroleum  dissolves  it,  and,  when  evapo- 
rated, leaves  it  unchanged.  One  of  the  most  useful  solvents,  how- 
ever, of  caoutchouc,  appears  to  be  the  cajefiut  oil,  a  substance  late- 
ly admitted  into  the  Pharmacopoeia  of  the  London  College  of  Physi- 
cians. A  thick  and  glutinous  solution  is  obtained,  from  which  al- 
cohol detaches  the  essential  oil.  The  caoutchouc  flouts  on  the  sur- 
face in  a  semi-fluid  state,  but  soon  hardens,  and  regains  its  elastic 
powers  on  exposure  to  the  atmosphere.  To  this  process,  the  chief 
objection  is  the  expensiveness  of  the  solvent.* 

5.  Caoutchouc  is  acted  on  by  alkalis  ;  and  when  steeped  in  them 
for  some  time,  loses  its  elasticity. 

6.  The  sulphuric  acid  is  decomposed  by  it;  sulphurous  acid  is 
disengaged  ;  and  charcoal  remains.  Nitric  acid  acts  on  it  with  the 
assistance  of  heat,  nitrous  gas  is  formed  ;  and  oxalic  acid  crystal- 
lizes from  the  residuum. 

7.  When  distilled  it  gives  ammonia,  and  hence  may  be  inferred 
to  contain  azote.  A  large  quantity  of  defiant  gas  and  of  very  dense 
carburetted  hydrogen,  which  burns  with  a  remarkably  bright  flame, 
are  at  the  same  time  evolved. 

*  The  solutions  of  caoutchouc  in  cajeput  oil  which  I  have  tried,  have  all  pos- 
sessed the  same  clamminess  and  disposition  to  adhere,  that  is  perceptible  in  the 
«her  volatile  oils.    C. 
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SECTION  XII. 

The  Woody  Fibre. 

After  removing  all  the  soluble  parts  of  wood,  first  by  long  boil- 
ing in  water,  and  then  by  digestion  in  alcohol,  a  fibrous  substance  is 
obtained,  to  which,  by  some  chemists,  the  name  of  Lignin  has  been 
given.  From  whatever  variety  of  wood  it  may  have  been  procur- 
ed, its  properties  appear  to  be  uniformly  the  same. 

1.  Il  is  perfectly  destitute  of  taste,  smell,  and  colour.  In  specific 
gravity,  it  is  generally  inferior  to  water. 

2.  It  is  insoluble  in  water  at  all  temperatures. 

3.  The  pure  fixed  alkalis  act  on  the  woody  fibre,  and  render  it 
soft,  and  of  a  brown  colour. 

4.  Concentrated  sulphuric  acid  immediately  blackens  it,  and,  af- 
ter sufficient  digestion,  converts  it  into  charcoal. 

5.  Nitric  acid  decomposes  it  with  the  assistance  of  heat;  and  ox- 
alic, malic,  and  acetic  acids,  are  formed. 

6.  When  exposed  to  heat,  it  affords  an  acid  called  the  Jiyrolig- 
ncous,  which  has  been  lately  proved  to  be  identical  with  the  ace- 
tous. This  acid  holds  in  combination  a  quantity  of  essential  oil, 
from  which  it  can  with  great  difficulty  be  freed,  and  also,  a  small 
proportion  of  ammonia.  From  the  last  mentioned  product,  it  fol- 
lows that  the  woody  fibre  must  contain  nitrogen.  The  charcoal, 
which  remains  in  the  retort,  is  greatly  superior  to  that  procured 
by  the  ordinary  process  ;  and  hence  distillation  in  iron  cylinders  has 
been,  for  some  time  past,  practised  as  the  best  method  of  obtaining 
charcoal  for  the  manufacture  of  gunpowder. 

7.  The  woody  fibre,  by  exposure  to  the  atmosphere  in  a  perfect- 
ly dry  state,  does  not  undergo  any  change.  The  action  of  the  air 
upon  it,  however,  when  moistened,  converts  it,  through  various 
shades  of  colour,  to  a  black  mould.  If  the  process  be  carried  on 
in  a  confined  portion  of  oxygen  gas,  carbonic  acid  is  formed.  When 
excluded  from  the  air,  even  moist  wood  shows  very  little  tendency 
to  decomposition. 

Gay  Lussac  and  Thenard  have  analyzed,  by  their  new  process, 
the  wood  of  oak  and  beech.  The  wood  was  taken  from  the  most 
compact  part  of  a  log,  reduced  to  fine  powder  by  a  file,  then  sifted 
and  washed  in  succession  with  water  and  alcohol  ;  and  finally  dried, 
before  its  admixture  with  oxymuriate  of  potash. 

Carbon.       Oxygen.     Hydrogen. 
100  parts  of  Oak  contain  52.53         41.78  5.69 
Beech  51.45          42.73         5.82 

In  both  the  oxygen  and  hydrogen  are  in  the  proportions  requir- 
ed to  form  water,  and  there  is  no  excess  of  oxygen  to  acidify  any 
part  of  the  carbon. 
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SECTION  XIII. 

Colouring  Matter. 


I.  The  colouring  matter  of  vegetables  presents  a  considerable 
variety  in  its  relation  to  chemical  agents,  depending  on  the  diver* 
sity  of  the  basis,  or  sub-stratum,  in  which  it  resides.  Chaptal  has 
arranged  the  varieties  of  the  colouring  principle  under  four  heads. 
1st,  As  it  is  attached  to  extractive  matter:  2d,  As  it  resides  in 
gum  ;  in  both  which  cases  it  is  soluble  in  water  :  3d,  As  it  exists  in 
farina,  or  fecula ;  and  in  this  instance  it  dissolves  most  readily  in 
sulphuric  acid:  4th,  The  colouring  principle  is  occasionally  in- 
herent in  resin,  and  then  it  recpuires  alcohol,  an  oil,  or  an  alkali,  for 
solution. 

II.  The  extraction  of  colouring  matter  from  the  various  sub- 
stances that  afford  it,  and  its  fixation  on  wool,  silk,  or  cotton,  con- 
stitute the  art  of  dyeing  ;  the  details  of  which  would  be  foreign  to 
the  purpose  of  this  work.  In  this  place  I  shall  state  only  a  few  ge- 
neral principles  ;  and  refer  for  more  minute  information  to  a  paper 
by  Mr.  Henry  in  the  third  volume  of  the  Manchester  Memoirs;  to 
the  works  of  Berthollet  and  Bancroft ;  and  to  a  memoir  of  Thenard 
and  Roard,  in  the  74th  volume  of  Annales  de  Chimie. 

III.  Of  the  various  colouring  substances,  used  in  the  art  of  dye- 
ing, some  may  be  permanently  attached  to  the  dyed  fabric,  and  fully 
communicate  their  colour  to  it,  without  the  intervention  of  any 
other  substance  ;  while  others  leave  a  mere  stain,  removable  by 
washing  with  water.  The  latter  class,  however,  may  be  durably 
attached  by  the  mediation  of  what  was  formerly  called  a  morclaunt, 
but  has  since  been  more  properly  termed,  by  Mr.  Henry,  a  basis. 
The  colours  which  are  of  themselves  permanent,  have  been  term- 
ed, by  Dr.  Bancroft,  substantive  colours;  while  those  that  require 
a  basis,  have  been  denominated  adjective  colours. 

IV.  The  most  important  bases,  by  the  mediation  of  which  colour- 
ing matter  is  united  with  wool  or  cotton,  are  alumine,  the  oxide  of 
iron,  and  the  oxide  of  tin.  Alumine  and  oxide  of  iron  arc  applied 
in  combination  with  sulphuric,  or  acetic  acids  ;  and  the  oxide  of  tin, 
united  with  nitro-muriatic,  muriatic,  acetic,  or  tartaric  acids.  In 
dyeing,  the  most  common  method  is  to  pass  the  substance  to  be 
dyed  through  a  decoction  of  the  colouring  matter,  and  afterwards 
through  a  solution  of  the  basis.  The  colouring  principle  thus  be- 
comes permanently  fixed  on  the  cloth,  sometimes  considerably 
changed  by  its  union  with  the  basis.  In  calico-printing,  the  basis, 
thickened  with  gum  or  flour-paste,  is  applied  to  the  cloth  by  wood- 
en blocks,  or  copper  cylinders.  The  cloth  is  then  dried,  and  passed 
through  a  decoction  of  the  colouring  ingredient,  which  adheres  only 
to  that  part  of  the  cloth  where  the  basis  has   been  applied.     From 
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the   rest  of  the  cloth  it  may  be  removed  by  simple  washing  with 
water. 

V.  The  variety  of  colours,  observed  in  dyed  substances,  are  re- 
ducible to  four  simple  ones,  viz.  blue,  red,  yellow,  and  black. 

1.  Indigo  is  the  only  substance  used  in  dyeing  blue,  which  it  does 
without  the  intervention  of  a  basis.  It  is  the  production,  chiefly,  of 
several  varieties  of  the  plant  called  Indigo/era,  a  native  of  America 
and  of  the  East  and  West  Indies.  The  plant,  after  being  cut  a  lit- 
tle while  before  the  time  of  flowering,  is  steeped  with  water  in 
large  vats,  where  it  undergoes  fermentation.  During  this  process, 
a  fine  pulverulent  pulp  separates,  which  is  at  first  green,  but  be- 
comes blue  by  exposure  to  the  atmosphere.  The  operations,  by 
which  indigo  is  separated  and  collected,  are  rather  complicated, 
and  cannot  be  described  without  considerable  minuteness.  A  good 
account  of  them  may  be  seen  in  Messrs.  Aikins'  Chemical  Dic- 
tionary. 

Indigo  has  been  supposed  to  be  a  variety  of  fecula,  but  it  differs 
from  that  principle  in  several  important  particulars.  It  is  volatile, 
and  may  be  sublimed  at  a  temperature  a  little  below  that,  which  is 
required  for  its  decomposition.*  Water,  by  being  boiled  on  it, 
dissolves  only  about  a  ninth  or  a  twelfth  the  weight  of  the  indigo. 
The  colouring  matter,  however,  remains  untouched  ;  and  the  solu- 
tion, which  appears  to  consist  chiefly  of  extract,  has  a  reddish 
brown  hue.  It  is  insoluble  in  alcohol,  ether,  and  in  fixed  and  vo- 
latile oils.  Its  appropriate  solvent  appears  to  be  sulphuric  acid. 
When  thus  dissolved,  it  is  sometimes  applied  directly,  in  a  diluted 
state,  to  the  fabric,  and  dyes  what  is  termed  a  Saxon  blue.  But,  by 
the' abstraction  of  part  of  its  oxygen,  indigo  becomes  soluble  in 
water  ;  and  its  colour  changes  from  blue  to  green.  It  recovers  the 
former  colour,  however,  on  exposure  to  the  air,  by  again  absorbing 
oxygen.  Its  de-oxydizement  is  effected  by  allowing  it  to  ferment, 
along  with  bran,  or  other  vegetable  matter;  or  by  decomposing,  in 
contact  with  it,  the  green  sulphate  of  iron.  Substances  dyed  by 
indigo,  thus  deprived  of  oxygen,  are  green  when  taken  out  of  the 
vat,and  acquire  a  blue  colour  by  exposure  to  the  atmosphere.  By. 
this  revival,  the  indigo  again  becomes  insoluble,  and  fitted,  there- 
fore, for  affording  a  permanent  dye. 

There  appears,  however,  to  be  a  certain  stage  of  oxygenizement 
in  indigo,  which  is  essential  to  the  existence  of  its  blue  colour,  and 
that  any  proportion,  either  exceeding  or  falling  short  of  this,  is 
equally  destructive  of  its  colour.  Thus  diluted  nitric  acid  dissolves 
indigo,  but  the  solution  is  yellow,  and  the  indigo  is  decomposed. 
A  thin  layer  of  resinous  matter  appears,  floating  in  the  solution.  If 
this  be  removed,  and  the  solution,  after  evaporation  to  the  consist- 
ence of  honey,  be  re-dissolved  in  hot  water,  filtered,  and  mixed  with 
a  solution  of  potash,  yellow  crystals  appear,  which  consist  of  the 
bitter  principle  united  with  potash.  These  crystals,  being  wrapped 
in  paper  and  struck  with  a  hammer,  detonate  and  emit  a  purple  light. 
If  to  a  drachm  or  two  of  finely  powdered  indigo,  we  acid  an  ounce 
measure   of  fuming   nitrous   acid,  the  mixture    presently  becomes 

*  Gay  Lussac,74  Ann.  de  Chim.  191. 
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hot,  nitrous  gas  is  evolved,  a  stream  of  sparks  arises  from  it,  and 
finally  the  whole  bursts  into  flame. 

Muriatic  acid  has  no  action  on  indigo,  but  oxymuriatic  acid  de- 
stroys its  colour.  Hence  a  solution  of  indigo  in  sulphuric  acid  bus 
been  recommended  for  measuring  the  strength  of  watery  solutions 
of  oxymuriatic  acid  gas ;  in  order  to  regulate  their  application  to 
the  process  of  bleaching. 

Alkalis  do  not  act  on  indigo,  unless  it  be  previously  reduced  to 
that  state  of  partial  dis-oxygenation  at  which  its  green  colour  re- 
appears. And  the  solution  exists  no  longer,  if  oxygen  be  absorb- 
ed, and  the  blue  colour  restored. 

The  analysis  of  indigo  by  destructive  distillation  affords  but  little 
information  respecting  its  nature.  The  products,  usually  obtained 
from  vegetable  substances,  are  evolved,  along  with  a  portion  of  am- 
monia, 

2.  The  substances,  chiefly  employed  for  affording  red  colours, 
are  cochineal  (an  insect  which  has  been  supposed  to  derive  colour 
from  its  food,  the  leaves  of  the  cactus  ofiuntiay  L.,)  archil,  madder, 
brazil-wood,  and  saf-flower.  The  first  four  are  soluble  in  water; 
the  last  not  without  the  intervention  of  an  alkali.  They  are  all  ad- 
jective colours.  Cochineal,  though  its  colour  is  naturally  crimson, 
is  used  for  dyeing  scarlet ;  and  to  evolve  the  scarlet  hue,  it  is  ne- 
cessary to  employ  the  supertartrate  of  potash.  The  basis,  by  which 
it  ig  attached  to  cloth,  is  the  oxide  of  tin.  This  may  be  exhibited 
experimentally.  A  decoction  of  cochineal  will  leave  only  a  fugi- 
tive stain  on  a  piece  of  cloth  ;  but  if,  in  the  decoction,  some  super- 
tartrate of  potash  has  been  dissolved,  and  a  portion  of  nitro-muriatc 
of  tin  afterwards  been  added,  it  will  impart  a  permanent  scarlet  co- 
lour. 

3.  The  yellow  dyes  are  wild  American  hiccory,  sumach,  turmeric, 
fustick,  and  quercitron  bark  ;  which  afford  various  colours,  accord- 
ingly as  they  are  combined  with  the  cloth,  by  the  intervention  of 
alumine,or  of  oxide  of  iron,  or  tin.  Thus,  with  the  aluminous  base, 
the  quercitron  bark  yields  a  bright  yellow  ;  with  oxide  of  tin,  all  the 
shades,  from  pale  lemon  colour  to  a  deep  orange;  and  with  oxide 
of  iron,  a  drab  colour.     With  the  addition  of  indigo,  it  gives  a  green. 

4.  A  combination  of  red  oxide  of  iron,  with  the  gallic  acid  and 
tan,  is  the  principal  black  colour,  which  has  therefore  the  same 
basis  as  common  writing-ink.  In  calico-printing,  white  spots,  or 
figures,  on  a  black  ground,  are  produced,  by  previously  printing 
on  the  cloth  a  protecting  paste  of  citric  acid,  thickened  with  gum 
or  flour.  The  parts  to  which  this  paste  is  applied  do  not  receive 
the  black  dye,  but  remain  perfectly  white. 

VI-  The  colouring  matter  of  vegetables,  besides  being  capable 
of  fixation  on  cloth,  may  be  obtained  in  a  dry  form,  in  combination 
with  a  base  only.  Thus  if  to  a  decoction,  or  infusion,  of  madder  in 
water,  a  solution  of  sulphate  of  alumine  be  added,  the  colouring 
matter  is  precipitated  in  combination  with  the  alumine,  forming 
what  is  termed  a  lake.  For  obtaining  this,  the  following  process  is 
given  by  Sir  H.  Englefield.  Put  two  ounces  of  Dutch  crop-madder 
into  a  calico  bag,  capable  of  holding  three  or  four  times  that  quan- 
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tity.  Pour  on  it  a  pint  of  distilled  water,  and  triturate,  in  a  mortar, 
as  much  as  can  be  clone,  without  destroying  the  bag.  The  water 
becomes  loaded  with  colouring  matter,  and  is  opake  and  muddy. 
Pour  off  this  portion,  and  report  the  operation  till  no  more  colour 
is  obtained,  which  will  generally  happen  after  the  filth  or  sixth  af- 
fusion. Pour  these  several  washings  into  an  earthen  or  well-tinned 
copper  pan  ;  and  apply  heat  till  the  liquor  boils.  Let  it  then  be 
poured  into  a  basin  ;  and  one  ounce  of  alum,  dissolved  in  a  pint  of 
water,  be  added,  and  mixed  by  stirring.  Add  an  ounce  and  a  half 
of  saturated  solution  of  sub-carbonate  of  potash  ;  a  violent  efferves- 
ence  will  ensue,  and  the  colouring  matter  will  be  precipitated.  Stir 
the  mixture  till  cold,  and  wash  repeatedly  with  boiling  water. 
About  half  an  ounce  of  lake  will  be  obtained,  containing  two  fifths 
its  weight  of  alumine. 

Other  lakes  may  be  obtained,  of  different  colours,  by  the  substitu- 
tion of  different  dyeing  woods;  and  from  the  infusion  of  cochineal, 
the  beautiful  pigment  called  Carmine  is  precipitated  by  means  of 
a  solution  of  tin. 


SECTION  XIV. 

Tan,  Tannin,  or  the  Tanning  Principle. 

Tan  exists  abundantly  in  the  bark  of  the  oak,  the  willow,  &c, 
and  in  the  gall-nut.  The  interior  bark  next  to  the  wood,  contains 
the  largest  proportion;  the  middle  and  coloured  part,  the  next ; 
and  in  this  it  is  accompanied  with  more  extract.  The  epidermis 
affords  very  little. 

I.  Tan  may  be  obtained  by  any  of  the  following  processes ;  but, 
according  to  Sir  H.  Davy,  it  is  difficult  to  procure  it  in  a  state  of 
perfect  purity.  Indeed  it  has  been  doubted  by  several  chemists, 
and  especially  by  Chevreul  and  Pelletier,*  whether  tan  has  ever 
been  obtained  sufficiently  pure,  to  entitle  it  to  be  considered  as  a 
distinct  vegetable  principle. 

1.  Into  a  strong  infusion  of  nut-galls,  pour  the  muriate  of  tin, 
till  the  yellowish  precipitate,  which  at  first  falls  down  abundantly, 
ceases  to  appear.  Wash  the  precipitate  with  a  small  quantity  of 
distilled  water,  and  afterwards  add  a  sufficient  quantity  of  warm 
water  for  its  solution.  From  this  solution,  the  oxide  of  tin  is  pre- 
cipitated by  a  stream  of  sulphuretted  hydrogen  gas  ;  and  the  tan- 
nin, which  remains  dissolved,  may  be  procured  by  evaporation. 
There  is  reason,  however,  Dr.  Bostock  informs  me,  to  believe  that, 
by  this  process,  tan  is  so  much  altered  as  to  be  scarcely  entitled 
to  retain  the  appellation  ;  and  the  same  remark  applies,  though 
perhaps  not  in  an  equal  degree,  to  the  following  operations. 

2.  Into  a  saturated  infusion  of  galls,  pour  a  saturated  solution  of 
carbonate  of  potash.  The  yellowish  white  precipitate,  after  being 
washed   with  a  small  quantity  of  water,  affords  the  tan.     When 

*  See  87  Ann.  de  Chim.  103. 
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thus  prepared,  Sir  H.  Davy  observes  that  tan  is  not  perfectly 
pure,  but  contains  a  minute  proportion  of  gallic  acid,  and  alkali. 

3.  Into  a  similar  infusion,  pour  sulphuric  or  muriatic  acid.  A 
precipitate  will  form,  which  must  be  re-dissolved  in  water,  and  the 
excess  of  sulphuric  acid  saturated  by  carbonate  of  potash.  When 
a  farther  addition  is  made  of  the  alkali,  the  tan  falls  down,  and  must 
be  purified  by  washing-  with  a  small  quantity  of  water. 

It  has  been  discovered  by  Sir  H.  Davy,  that  the  terra  japonica, 
or  catechu  (which  is  to  be  met  with  under  this  name  in  the  drug- 
gists' shops,)  is  composed  of  about  one  half  tan,  the  remainder  be- 
ing a  mixture  of  extract,  mucilage,  and  earthy  impurities.  The 
purest  kind  of  tan,  we  learn  from  the  same  authority,  may  be  pro- 
cured by  the  action  of  a  small  quantity  of  cold  water  on  bruised 
grape  seeds.  A  substance  lately  introduced  into  medicine  under 
the  name  of  Extract  of  Rhatania,  Dr.  Bostock  is  of  opinion,  con- 
sists of  tan  in  a  purer  form  than  catechu. 

Tan  procured  from  galls,  has  been  analyzed  by  Berzelius,  and 
found  to  consist  of 

Carbon 51.16 

Oxygen 44.654 

Hydrogen     .     .     .    .       4.186 


100. 

II.  Tan  has  the  following  properties: 

1.  When  evaporated  to  dryness,  it  forms  a  brown  friable  mass, 
which  has  much  resemblance  in  its  fracture  to  aloes,  a  sharp  bit- 
ter taste,  and  is  soluble  in  water,  but  still  more  readily  in  alcohol. 

2.  From  this  watery  solution  all  acids  precipitate  tan. 

3.  The  alkaline  carbonates  have  a  similar  effect. 

4.  The  watery  solution,  poured  into  one  of  glue  (inspissated 
animal  jelly,)  converts  it  immediately  into  a  coagulum,  insoluble 
by  boiling  water,  which  has  the  elastic  properties  of  the  gluten  of 
wheat. 

The  solution  of  gelatine  or  jelly,  may  be  prepared,  for  the  pur- 
pose of  precipitating  tan,  by  dissolving  isinglass  in  water,  in  the 
proportion  of  ten  grains  to  two  ounces.  The  precipitate  consists 
of  54  jelly  and  46  tan.*  An  excess  of  the  solution  partly  re-dis- 
solves it.  It  is  this  property,  of  forming  with  gelatine  an  insolu- 
ble compound,  not  liable  to  putrefaction,  that  fits  tan  for  the  pur- 
pose of  converting  skins  into  leather. 

Dr.  Duncan,  jun.  who  has  made  numerous  experiments  on  tan, 
informs  me,  that  the  proportion  of  ingredients  in  this  precipitate 
varies  very  considerably,  according   to  the  mode  in   which  it  is 

*  From  some  experiments  I  have  made  on  this  subject,  I  am  disposed  to 
think  the  precipitate  thus  produced  by  gelatin  and  tannin,  used  in  its  soft 
state,  may  be  usefully  employed  to  cover  catheters,  bougies,  and  other  elastic 
tubes,  &c.  The  coating  dries  readily,  and  is  a  firm  tenacious  covering  of 
eather.  I  have  no  doubt  it  may  be  equally  employed  for  numerous  other  pur- 
poses, as  for  making  waiters,  boxes,  &c.  &c.    C. 
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effected  ;  and  that  insolubility  in  water  is  by  no  means  one  of  its 
constant  characters.  In  ammonia  it  dissolves  readily.  Dr.  Bos- 
tock,  also,  has  found  that  tan  and  jelly  do  not  unite  in  any  constant 
proportion,  and  that  the  compound  is  not,  in  all  cases,  insoluble  in 
water.* 

In  this  country  a  preference  is  universally  given  to  oak  bark  for 
the  purpose  of  tanning,  but  various  other  substances  afford  it,  as 
appears  from  the  following  Table,  drawn  up  by  Sir  H.  Davy,  from 
his  own  experiments. 

Table  of  Numbers,  exhibiting  the  Quantitxj  of  Tan  afforded  by 
480  lbs.  of  different  Barks,  which  express  nearly  their  relative 
Values  : 

lb. 

Average  of  entire  bark  of  middle-sized  Oak,  cut  in  spring     .  29 

of  Spanish  Chesnut 21 

of  Leicester  Willow,  large  size     .     .  33 

■ of  Elm 13 

■ of  common  Willow,  large     ....  1 1 

of  Ash 16 

of  Beech 10 

of  Horse  Chesnut 9 

of  Sycamore 11 

of  Lombardy  Poplar 15 

• of  Birch 8 

of  Hazel 14 

of  Black  thorn 16 

— of  Coppice  Oak 32 

■ of  Oak  cut  in  autumn 21 

• of  Larch  cut  in  ditto 8 

White  internal  cortical  layers  of  Oak  Bark 72 

The  inner  cortical  layers  of  all  barks  Sir  H.  Davy  found  to  con- 
tain the  greatest  proportion  of  tan.  The  quantity,  also,  is  greatest 
at  the  time  the  buds  begin  to  open,  and  smallest  in  winter,  and  af- 
ter a  cold  spring. 

As  a  general  average,  four  or  five  pounds  of  good  oak  bark  are 
required  to  form  a  pound  of  leather.  The  operation  is  most  per- 
fect when  performed  slowly;  for,  if  loo  rapidly  effected,  the  outer 
surface  of  the  skin  is  covered  with  a  coat  of  leather,  which  defends 
the  interior  from  change. f  In  general,  skins,  by  bein^  completely 
tanned,  increase  in  weight  about  one  third,  the  skin  and  the  leather 
being  each  supposed  dry. 

5.  Tan  forms,  with  fecula,  or  starch,  a  precipitate  which  is  spar- 
ingly soluble  in  cold  water,  and  very  copiously  in  hot  water. 

6.  With  gluten  it  gives  an  insoluble  precipitate. 

*  See  his  paper  on  the  union  of  Tan  and  Jelly,  Nicholson's  Journal,  x*iv.  1 
f  This  observation  is  highly  important,  and  ought  to  be  attended  to  by  our 
Tanners;  The  speed  with  which  hides  arc  now  made  to  undergo  the  process 
is  such,  that  many  are  merely  changed  into  leather,  externally,  the  interior  parts 
being  almost  entirely  raw.  We  want  some  regulations  in  this  country  on  this 
point,  quite  as  much,  or  even  more,  than  is  found  to  be  necessary  in  Europe.     C. 
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7.  It  is  precipitated  by  salts  with  earthy  bases,  such  as  the  ni- 
trates of  barytes,  lime,  Sec. 

8  It  is  separated  also  by  salts  with  metallic  bases,  such  as  ace- 
tate of  lead,  muriate  of  tin,  muriate  of  gold,  sulphate  of  iron,  tar- 
tarized  antimony,  and  muriate  of  platina. 

Green  sulphate  of  iron  effects  no  change  in  the  solution  of  tan, 
but  the  red  sulphate  occasions  a  dark  bluish  precipitate.  This 
precipitate  differs  from  gallate  of  iron,  in  being  decomposed  by- 
acids,  the  tan  being  thus  separated.  An  excess  of  the  red  sulphate 
re-dissolves  the  precipitate,  and  affords  a  black  or  dark  blue  liquor. 
By  union  with  tan,  the  red  sulphate  is  de-oxydized,  the  salt  becom- 
ing the  green  sulphate,  and  the  oxygen  passing  to  the  tan.  Tan 
may  also  be  oxygenized,  by  passing  streams  of  oxymuriatic  acid 
through  its  solution  in  water. 

Until  within  the  last  ten  years,  tan  had  been  known  only  as  a  pro- 
duction of  nature  ;  and  the  processes  of  chemistry  had  effected  no- 
thing more,  than  its  separation  from  the  various  substances,  with 
which  it  occurs  combined.  An  important  discovery,  however,  has 
been  made  by  Mr.  Matchett,  of  the  artificial  formation  of  tan,  from 
substances  which  unquestionably  do  not  contain  it,  but  only  furnish 
its  elements.  The  processes  for  its  factitious  production  are  very 
numerous ;  but  they  are  arranged,  by  their  author,  under  three 
heads.  1st,  The  synthesis  of  tan  may  be  effected  by  the  action  of 
nitric  acid  on  animal  or  vegetable  charcoal ;  2dly,  By  distilling  ni- 
tric acid  from  common  resin,  indigo,  dragon's  blood,  and  various 
other  resinous  substances ;  3dly,  By  the  action  of  sulphuric  acid 
on  common  resin,  elemi,  assafcetkla,  camphor,  &c.  Of  these  va- 
rious processes,  I  shall  select  the  most  simple,  referring  to  Mr. 
Hatchett's  very  interesting  paper  for  a  fuller  detail  of  the  experi- 
ments.* 

To  100  grains  of  powdered  charcoal,  contained  in  a  mattrass,  add 
an  ounce  of  nitric  acid  (specific  gr.  1.4)  diluted  with  two  ounces  of 
water;  place  the  vessel  in  a  sand-heat,  and  continue  the  digestion 
till  the  charcoal  appears  to  be  dissolved.  A  copious  discharge  of 
nitrous  gas  will  take  place.  At  the  end  of  the  second  day,  it  may 
be  necessary  to  add  another  ounce,  and  sometimes  even  a  third,  o[ 
nitric  acid  ;  and  to  continue  the  digestion  during  five  or  six  days. 
A  reddish  brown  solution  will  be  obtained,  which  must  be  evapo- 
rated to  dryness  in  a  glass  vessel  ;  taking  care  in  the  latter  part  of 
the  process,  so  to  regulate  the  temperature,  that  the  acid  may  be 
expelled,  without  decomposing  the  residuum.  A  brown  glossy 
substance  will  be  obtained,  having  a  resinous  fracture,  and  amount- 
ing, in  weight,  to  116  or  120  grains.  This  substance  has  the  fol- 
lowing properties : 

1.  It  is  speedily  dissolved  by  cold  water  and  by  alcohol.  2.  It  has 
an  astringent  flavour.  3.  Exposed  to  heot,  it  smokes  but  little,  swells 
muc\and  affords  a  bulky  cod.  4.  Its  solution  in  water  reddens  lit- 
mus paper.  5.  The  solution  copiously  precipitates  metallic  salts, 
especially  muriate  of  tin,  acetate  of  lead,  and  red  sulphate  of  iron. 

*  See  Piulo.'o^hKal  Transactions  for  1805  and  18)6. 
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These  precipitates,  for  the  most  part,  are  brown,  inclining  to  cho- 
colate, excepting  that  of  tin,  which  is  blackish  grey.  6.  Gold  is 
precipitated  from  its  solution  in  a  metallic  state.  7.  The  earthy 
sails  are  precipitated  by  it.  8.  Gelatine  is  *nstantly  precipitated 
from  water,  in  tne  state  of  coagulum,  insoluble  both  in  cold  and  in 
boiling  water. 

The  identity  of  this  substance  with  tan  can,  therefore,  be  scarce- 
ly doubted,  since  the  two  bodies  agree  in  having  the  same  charac- 
teristic properties.  The  only  essential  circumstance  of  discrimi- 
nation is,  that  the  natural  tan  is  destroyed,  while  the  artificial  is 
produced,  by  the  agency  of  nitric  acid  ;  and  that  the  artificial  sub- 
stance, even  when  formed,  powerfully  resists  the  decomposing  ac- 
tion of  this  acid,  which  readily  destroys  natural  tan.  Even,  how- 
ever, among  the  different  varieties  of  the  natural  substance,  Mr. 
Hatchctt  found  essential  differences  in  the  facility  of  destruction 
by  nitric  acid.  Those  ol  oak  bark  and  catechu  are  less  destructi- 
ble ;  and,  in  general,  the  varieties  of  tan  seem  to  be  less  permanent, 
in  proportion  to  the  quantity  of  mucilage  which  they  contain.  In- 
fusions of  factitious  tan  differ,  also,  it  has  been  said,  from  those  of 
the  natural  kind,  in  not  becoming  mouldy  by  keeping.  This  cha- 
racter, however,  is  not  confirmed  by  Dr.  Bostock,  who  has  observed 
the  artificial  tan  to  mould. 

The  artificial  substance  is  a  purer  variety  of  tan  than  the  natural 
one  ;  inasmuch  as  it  is  perfectly  free  from  gallic  acid,  and  from 
extract,  both  of  which  are  always  present  in  the  latter.  The  pro- 
perties of  the  factitious  compound  vary  a  little,  according  to  the 
mode  of  its  preparation,  principally  in  the  colour  of  the  precipi- 
tates, which  it  separates  from  metallic  solutions.  Those  effected 
by  tan,  formed  by  processes  of  the  first  class,  are  always  brown, 
and  by  the  second,  pale  or  deep  yellow. 


SECTION  XYT. 

Wax. 

It  was  long  supposed  that  bees'  wax  is  merely  the  dust  of  the 
stamina  of  plants,  unchanged  by  any  process  in  the  economy  of 
that  animal.  This  opinion,  however,  has  been  lately  shown  by  Hu- 
ber*  to  be  erroneous  ;  for  bees,  he  has  proved,  continue  to  form 
wax,  when  supplied  with  only  raw  sugar  or  honey.  Little  doubt, 
therefore,  can  exist  that  sugar  contains  all  the  principles  of  wax  ; 
•and  that  wax  is  the  result  of  a  new  combination  of  those  princi- 
ples, effected  by  the  animal. 

At  the  same  time,  it  is  equally  well  established,  that  wax  is  also 
a  product  of  vegetation.  It  forms  the  varnish,  which  is  conspi- 
cuous on  the  upper  leaves  of  many  trees,  and  maybe  extracted  by 

V-rholson's  Journal,  ix.  1R° 
3  p 
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first  removing,  by  water  and  alcohol,  from  the  bruised  leaves,  every 
thing  that  is  soluble  in  those  fluids  ;  then  macerating  the  remain- 
der with  liquid  ammonia,  which  dissolves  the  wax,  and  lets  it  fall 
on  the  subsequent  Edition  of  sulphuric  acid.  Wax  exists,  also, 
in  the  substance  called  lac,  in  combination  with  colouring  matter; 
and  is  obtained,  in  considerable  quantity,  from  the  berries  of  the. 
Myrica  Ccrifera,  by  the  simple  process  of  boiling  them  in  water, 
and  bruising  them  at  the  same  time.  The  wax  melts  and  rises  to 
the  surface  in  the  form  of  a  scum,  which  concretes  on  cooling.* 

In  its  ordinary  state,  wax  of  every  kind  has  considerable  colour 
and  smell.  It  may  be  deprived  of  both,  by  exposing  it,  in  thin  la- 
minae, to  the  action  of  the  light  and  air,  or  still  more  speedily  by 
oxy -muriatic  acid  gas.  When  bleached,  it  has  the  following  pro- 
perties : 

1.  Its  specific  gravity  is  about  .960,  water  being  1.000.  When 
heated,  it  melts  at  about  155°  Fahrenheit,  or  at  about  7°  higher 
than  unbleached  wax,  and  forms  a  transparent  fluid,  which  gra- 
dually acquires  consistency,  till  at  length  it  returns  to  a  solid  state. 
If  the  heat  be  raised,  it  boils  ;  and  a  portion  distils  over.  By  a 
still  higher  heat,  it  is  decomposed,  and  a  quantity  of  olefiant  and 
hydro-carburet  gases  are  developed.  The  residuum  of  charcoal 
bears  only  a  small  proportion  to  the  wax  which  has  been  decom-. 
posed.  From  the  results  of  its  combustion,  Lavoisier  has  inferred 
that  wax  consists  of 

82.28  carbon 
17.72  hydrogen 

100. 

Gay  Lussac  and  Thenard,  by  an  improved  method  of  analysis. 
have  lately  shown  it  to  consist  of 

Carbon 81.781 

Oxygen 5.544 

Hydrogen    ....   12.672 


100. 

Of  the  hydrogen,  part  only  is  sufficient  for  the  saturation  of  the 
oxygen;  and  besides  this,  there  are  11.916  in  excess. 

2.  Wax  is  insoluble  in  water. 

3.  Boiling  alcohol  dissolves  about  one  twentieth  its  weight  of  wax, 
four  fifths  of  which  separate  on  cooling;  and  the  remainder  is  im- 
mediately precipitated  by  the  addition  of  water.  Boiling  ether  dis- 
solves about  one  twentieth  of  its  weight. 

4.  Caustic  fixed  alkalis  convert  it  into  a  saponaceous  compound, 
soluble  in  warm  water.  A  heated  solution  of  ammonia  dissolves  it, 
and  forms  a  kind  of  emulsion.  On  cooling,  the  wax  rises  to  the 
surface  in  flocculi. 

*  Cadet,  Annales  de  Cbinjie,  xliv. 
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Myrtle  wax,  it  appears  from  the  experiments  of  Dr.  Bostock, 
differs  from  bees'  wax  in  being  more  fusible,  (viz.  at  109  Fahren- 
heit,) and  in  being  soluble,  to  a  greater  amount,  both  in  ether  and 
in  alcohol.  The  vegetable  wax  from  Brazil,  though  it  appears, 
from  the  experiments  of  Mr.  Brande,  to  possess  the  principal  cha- 
racters of  common  wax,  differs  from  it  in  some  properties,  and  also 
from  myrtle  wax.* 


SECTION  XVI. 

The  Bitter  Principle. 

The  bitter  taste  of  certain  vegetables  appears  to  be  owing  to  the 
presence  of  a  peculiar  substance,  differing  from  every  other  in  its 
chemical  properties.  It  may  be  extracted  from  the  wood  of  quas- 
sia, the  root  of  gentian,  the  leaves  of  the  hop,  and  several  other 
plants,  by  infusing  them  for  some  time  in  cold  water.  The  cha- 
acters  of  this  substance  have  been  attentively  examined  by  Dr. 
Thomson,  who  enumerates  them  as  follows.! 

1.  When  water,  thus  impregnated,  is  evaporated  to  dryness  by 
a  very  gentle  heat,  it  leaves  a  brownish  yellow  substance,  which  re- 
tains a  certain  degree  of  transparency.  For  some  time  it  con- 
tinues ductile,  but  at  last  becomes  brittle.  Its  taste  is  intensely 
bitter. 

2.  When  heated,  it  softens,  swells,  and  blackens  ;  then  burns 
away  without  flaming  much  ;  and  leaves  a  small  quantity  of  ashes. 

3.  It  is  very  soluble  in  water,  and  in  alcohol. 

4.  It  does  not  alter  blue  vegetable  colours. 

5.  It  is  not  precipitated  by  the  watery  solution  of  lime,  barytes,  or 
strontites  ;  nor  is  it  changed  by  alkalis. 

6.  Tincture  of  galls,  infusion  of  nut-galls,  and  gallic  acid,  produce 
no  effect. 

7.  Of  the  metallic  salts,  nitrate  of  silver  and  acetate  of  lead  are 
the  only  ones  that  throw  it  down.  The  effect  of  nitrate  of  silver 
cannot  be  ascribed  to  the  presence  of  muriatic  acid,  since  nitrate  of 
lead  produces  no  change  in  the  solution.  The  precipitate  by  acetate 
of  lead  is  very  abundant ;  and  that  salt,  therefore,  affords  the  best 
test  for  discovering  the  bitter  principle,  provided  no  other  sub- 
stance be  present,  by  which,  also,  it  is  decomposed. 

From  recent  experiments  of  Mr.  Hatchctt,  it  appears  that  the 
bitter  principle  is  formed,  along  with  tan,  by  the  action  of  nitric  acid 
on  indigo. 

Another  modification  of  the  bitter  principle  has  been  extracted, 
by  Mr.  Chenevix,  from  unroasted  coffee.  The  infusion  of  the  ber- 
ries was  mixed  with  muriate  of  tin,  when  a  precipitate  appeared, 
which  was  well  washed,  then  diffused  through  water,  and  decom- 

•  Phil  Trans.  181 1, p.  267. 
f  System  of  Chemistry,  v.  95. 
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posed  by  sulphuretted  hydrogen  gas,  which  carried  down  the  tin. 
The  remaining  liquid,  evaporated  to  dryness,  gave  a  semi-transpa- 
rent substance  not  unlike  horn.  This  substance  did  not  attract 
moisture  irom  the  air ;  was  soluble  in  water  and  alcohol  ;  and  the 
solution,  on  adding  alkali,  became  of  a  garnet  red.  Solution  of  iron 
gave  it  a  fine  green  tinge,  or,  when  very  concentrated,  threw  down 
a  green  precipitate ;  and  muriate  of  tin  occasioned  a  yellow  sedi- 
ment.    It  was  not  affected  by  solution  of  animal  gelatine. 

The  bitter  principle  may,  also,  be  formed  by  artificial  processes, 
chiefly  by  the  action  of  nitric  acid  on  animal  and  vegetable  sub- 
stances. Welther  obtained  it  by  digesting  silk  with  nitric  acid ; 
and  Mr.  Hatchett  has  formed  it  from  the  same  acid  and  indigo. 
Its  colour  is  a  deep  yellow,  and  its  taste  intensely  bitter.  It  is  so- 
luble in  water  and  alcohol,  and  is  susceptible  of  a  regular  crystal- 
lized form.  It  unites  with  alkalis  and  composes  crystallizablc  salts. 
Its  compound  of  this  substance  with  potash  detonates  when  struck 
with  a  hammer,  and  inflames  like  gunpowder  when  thrown  on  hot 
charcoal.  On  the  whole  it  appears  better  entitled  to  rank  as  a  dis- 
tinct principle,  than  that  which  is  extracted,  by  infusion,  from  ve- 
getables. 


SECTION  XVII. 

Narcotic  Principle. 

Opium,  and  other  vegetable  products  possessed  of  a  narcotic 
power,  are  composed  of  several  of  the  vegetable  principles  that 
have  already  been  enumerated.  Besides  these,  however,  they  con- 
tain a  peculiar  one,  in  which  the  narcotic  virtue  resides. 

1.  To  obtain  the  narcotic  principle  from  opium,  let  water  be  di- 
gested upon  it,  and  the  strained  solution  be  evaporated  to  the  con- 
sistence of  syrup.  A  gritty  precipitate  will  bet^in  to  appear,  which 
is  considerably  increased  by  diluting  the  liquid  with  water.  This 
consists  of  three  distinct  substances,  resin,  oxygenized  extract,  and 
the  narcotic  principle.  Boiling  alcohol  dissolves  the  resin  and  nar- 
cotic principle  only  ;  and  the  latter  falls  down  in  crystals,  as  the  so- 
lution cools;  still,  however,  coloured  with  resin.  The  crystals 
may  be  purified  by  repeated  solutions  and  crystallizations. 

II.  1.  The  narcotic  principle,  thus  obtained,  is  white.  It  crys- 
tallizes in  rectangular  prisms  with  rhomboidal  bases.  It  is  destitute 
of  taste  and  smell. 

2.  It  is  insoluble  in  cold  water,  but  is  soluble  in  four  hundred 
parts  of  boiling  water,  from  which  it  precipitates  again  as  the  solu- 
tion cools.  When  thus  dissolved,  it  does  not  affect  vegetable  blue 
colours. 

3.  It  is  soluble  in  twenty-four  parts  of  boiling  alcohol,  and  in 
100  of  cold  alcohol.  Water  precipitates  it,  in  the  state  of  a  white 
powder. 

4.  Hot  ether  dissolves,  but  deposits  it  on  cooling.  When  heated 
in  a  spoon,  it  melts  like  wax. 
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5.  It  is  soluble  in  acids,  and  precipitated  by  alkalis.  With  nitric 
acid  it  dissolves,  and  becomes  red  ;  and  much  oxalic  acid  is  formed, 
a  bitter  substance  remaining-. 

6.  It  may  be  combined  with  water  and  alcohol,  by  the  interven- 
tion of  resin  and  extract,  the  presence  of  which  seems  originally  to 
render  it  soluble  in  those  fluids. 


SECTION  XVIII. 

Saber  and  its  Acid. 

This  name  is  used  to  denote  common  cork  wood,  which  appears, 
to  be  possessed  of  peculiar  properties,  especially  in  its  relation  to 
nitric  acid. 

I.  To  a  quantity  of  cork,  grated  into  powder,  and  contained  in  a 
tubulated  retort,  add  six  times  its  weight  of  nitric  acid,  of  the  speci- 
fic gravity  1.261  ;  and  distil  the  mixture,  with  a  gentle  heat,  as  long 
as  any  red  vapours  escape.  As  the  distillation  advances,  a  yellow 
matter,  like  Wax,  appears  on  the  surface  of  th^  liquid.  While  the 
contents  of  the  retort  continue  hot,  they  are  to  be  poured  into  a 
glass  vessel,  placed  on  a  sand-bath,  and  constantly  stirred  with  a 
glass  rod,  by  which  means  the  liquid  gradually  becomes  thick.  As 
soon  as  white  penetrating  vapours  appear,  let  it  be  removed  from 
the  sand-bath,  and  stirred  till  it  becomes  cold.  An  orange-colour- 
ed mass  will  be  obtained,  of  the  consistence  of  honey,  having  a 
strong  and  sharp  odour  while  hot,  and  a  peculiar  aromatic  smell 
when  cold.  On  this,  pour  twice  its  weight  of  boiling  water;  apply 
heat  till  it  liquefies;  and  filter.  The  filtered  liquor,  as  it  cools,  de- 
posits a  powdery  sediment,  and  becomes  covered  with  a  thin  pellicle. 
The  sediment  is  to  be  separated  by  filtration ;  and  the  liquid  reduc- 
ed, by  evaporation,  nearly  to  dryness.  This  mass  is  the  suberic  acid. 
It  may  be  purified,  either  by  saturating  it  with  alkali,  and  precipi- 
tating by  an  acid, or  by  boiling  it  with  charcoal  powder. 

II.  Suberic  acid  has  the  following  properties  : 

1.  It  is  not  crystallizable. 

2.  It  has  an  acid  and  slightly  bitter  taste  ;  and,  when  dissolved 
in  boiling  water,  it  acts  on  the  throat,  and  excites  coughing. 

3.  It  reddens  vegetable  blues,  and  changes  the  blue  solution  of 
indigo  in  sulphuric  acid  to  green. 

4.  Cold  water  dissolves  about  y^h  its  weight,  and  boiling  water 
half  its  weight. 

5.  It  attracts  moisture  from  the  air. 

6.  When  heried  in  a  matrass,  it  sublimes,  and  is  obtained  in  con- 
centric circles,  composed  of  numerous  small  points. 

7.  With  alkalis,  earths,  and  metallic  oxides,  it  forms  a  class  of 
salts  called  Suberates. 

The  action  of  nitric  acid  on  cork,  and  the  propertiesof  the  sube- 
ric acids  and  its  compounds,  have  been  lately  investigated  by  Chev- 
reul,  whose  memoir  may  be  consulted  in  the  23d  volume  of  Nichol- 
son's Journal. 
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SECTION  XIX. 

Of  Bitumens. 

Though  bitumens,  on  account  of  their  origin,  are,  with  more 
propriety,  classed  among  mineral  substances;  yet,  in  chemicai  pro- 
perties, they  are  more  closely  allied  to  the  products  ot"  the  vegeta- 
ble kingdom.  Like  vegetable  substances  in  general,  they  burn  in 
the  open  air,  and  with  a  degree  of  brightness  that  surpasses  even 
that  of  resins.  By  distillation  fier  se,  they  yield  a  weak  acetic  acid, 
an  empyreumatic  oil,  some  ammonia,  and  a  considerable  quantity  of 
carburetted  hydrogen  gas,  with  occasionally  a  small  proportion  of 
carbonic  acid  and  sulphuretted  hydrogen.  They  are  neither  solu- 
ble in  water  nor  in  alcohol,  and  in  the  latter  respect  they  differ 
from  resins.  There  can  be  little  doubt  that  they  have  been  form- 
ed originally  by  the  decomposition  of  vegetables. 

The  bitumens  have  been  divided  into  liquid  and  solid.  Formerly 
it  was  supposed  that  the  liquid  bitumens  had  been  derived,  by  a 
sort  of  natural  distillation,  from  the  solid  ;  but  Mr.  Hatchett  has 
rendered  it  more  probable  that  the  solid  bitumens  result  from  the 
consolidation  of  the  fluid  ones* 

The  bituminous  substances  are  Naphtha,  Petroleum,  Mineral 
Tar,  Mineral  Pitch,  Asphaltum,  Jet,  Pit-coal,  Bituminous  Wood, 
Turf,  and  Peat.  To  these  some  writers  have  added  Amber  and 
the  Honey-Stone. 

Naphtha  is  a  substance  well  known  to  mineralogists  as  a  light, 
thin,  often  colourless  oil,  highly  odoriferous  and  inflammable,  which 
is  found  on  the  surface  of  the  water  of  certain  springs  in  Italy,  and 
on  the  shores  of  the  Caspian  Sea.  It  has  a  penetrating  but  not 
disagreeable  odour.  Its  specific  gravity  is  about  .708,  or,  accord- 
ing to  Brisson,  .845.     It  does  not  congeal  at  0°  Fahrenheit.! 

Naphtha  is  highly  inflammable,  and  burns  with  a  penetrating 
smell  and  much  smoke.  It  may  be  distilled  without  alteration.  By 
long  exposure  to  the  air  it  becomes  thick  and  coloured,  and  passes 
to  the  state  of  petroleum.  The  addition  of  a  little  sulphuric  or  ni- 
tric acid  produces  the  same  change  more  speedily.  It  is  not  mis- 
cible  either  with  water  or  with  alcohol. 

Naphtha  appears  to  be  the  only  fluid  we  are  acquainted  with,  in 
which  oxygen  does  not  exist  in  considerable  proportion.  This  cir- 
cumstance renders  it  of  great  use  in  preserving  the  new  metals 
discovered  by  Sir  H.Davy.  When  recently  distifled,  they  have  no 
action  on  it;  but  in  naphtha  that  has  been  exposed  to  the  air,  these 
metals  soon  oxidate  ;  and  alkali  is  formed,  which  uiiues  with  the 
naphtha  into  a  kind  of  brown  soap. 

Petroleum  is  considerably  thicker  than  naphtha,  and  has  a 

*  Linnxan  Transactions,  1797. 

f  Most  of  the  naphtha  brought  from  Europe,  is  I  believe  nothing  more  than 
'die  product  of  the  distillation  of  petroleum,  &c.    C. 
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greasy  feel.    It  is  either  wholly  or  in  part  transparent,  and  of  a  red- 
dish brown  colour.     Its  specific  gravity  is  .878. 

When  distilled  per  se,  a  portion  of  colourless  naphtha  is  first 
obtained  ;  then  an  empyrcuniatic  acid  liquor  ;  next  a  thick  brown 
oil;  and  a  portion  of  black  shining  coal  remains  in  the  retort. 

Petroleum  is  highly  inflammable.  Sulphuric  and  nitric  acids 
convert  it  into  a  thick  bitumen  ;  and  exposure  to  the  air  produces  the 
same  cfi'ect  more  slowly.  It  has  the  property  of  combining  with 
fat  and  essential  oils,  with  resins,  camphor  and  suiphur ;  and? 
when  rectified,  it  dissolves  caoutchouc. 

Mineral  tar  is  thicker  and  more  viscid  than  petroleum,  and  of 
a  reddish  or  blackish  brown  colour.  In  chemical  properties  it  re- 
sembles petroleum. 

The  solid  bitumens  are  Maltha,  Asphaltum,  and  Elastic  Bitumen 
or  Mineral  Caoutchouc,  besides  the  several  varieties  of  Coal  and 
Peat. 

Maltha  or  mineral  pitch  has  a  brownish  black  colour,  and  lit- 
tle or  no  lustre.  It  is  so  soft  that  it  is  impressed  by  the  nails,  but 
does  not  stain  the  fingers.  Its  specific  gravity  is  from  1.45  to  2.06. 
It  is  extremely  inflammable,  and  burns  with  a  bright  flame,  leaving 
only  a  small  quantity  of  ashes. 

Asphaltum  is  brownish  black  in  its  colour,  is  brittle,  shining, 
and  does  not  stain  the  fingers.  Its  specific  gravity  varies  from 
1.07  to  1.65.  It  is  extremely  kfiammable,  and  burns  with  a  yellow 
flame.  By  distillation  per  se,  it  yields  a  light  brown  oil  resembling 
naphtha,  a  portion  of  water  impregnated  with  ammonia,  and  a 
quantity  of  carburetted  hydrogen  gas.  It  has  been  analyzed  by 
Klaproth,  whose  accounts  of  it  may  be  seen  in  the  second  volume 
of  his  "  Contributions." 

The  appropriate  solvent  of  asphaltum  is  naphtha,  of  which  it  re- 
quires five  times  its  weight.  The  solution  is  of  a  deep  black  co- 
lour, and  forms  an  excellent  varnish. 

Elastic  bitumen  or  mineral  caoutchouc  is  a  rare  produc- 
tion of  nature,  and  has  hitherto  been  found  only  in  Derbyshire.  It 
is  inflammable,  and  burns  with  much  smoke.  By  a  gentle  heat  it 
is  melted  and  converted  into  petroleum,  maltha,  or  asphaltum.  It 
resists  the  action  of  solvents. 

Retinaspiialtum  is  also  a  rare  production  of  the  same  county 
It  has  no  elasticity  ;  but  is  brittle  and  breaks  with  a  glassy  frac- 
ture. Its  colour  is  pale  ochre  yellow;  its  specific  gravity  1.135. 
It  melts  on  the  application  of  heat,  and  burns  with  a  bright  flame. 
It  is  partially  soluble  in  alcohol,  potash,  and  nitric  acid.  One  hun- 
dred parts  contain  55  resin,  41  asphaltum,  and  3  earthy  matter. 

Pit-coal  is  a  general  term,  applied  to  several  distinct  varieties 
of  minerals.  They  have  been  divided  into  the  three  families  of 
brown  coal ;  black  coal ;  and  glance  coal  or  mineral  carbon. 

Brown  coal  is  only  imperfectly  bituminized,  and  exhibits,  dis- 
tinctly, the  remains  of  the  vegetables,  from  whose  decay  it  has  ori- 
ginated. It  is  brown,  opake,  somewhat  flexible  and  elastic,  and 
nearly  light  enough  to  float  on  water.  It  burns  with  a  clear  flame, 
and  with  a  bituminous  odour  mixed  with  that  of  sulphur,     In  the 
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mode  of  its  combustion,  as  well  as  in  its  external  appearance,  it 
bears  a  considerable  resemblance  to  wood  that  lias  been  half  char- 
red. 

Black  coal  is  the  substance,  which  is  commonly  applied  to  the 
purposes  of  fuel.  It  shows  no  remains  of  ihe  vegetables  from  which 
it  bas  originated  ;  but  appears  to  be  a  compound  of  bitumen  and 
charcoal ;  and  according  to  the  proportion  of  these  two  ingredients, 
its  properties  vary  considerably.  The  best  kinds  melt  on  the  ap- 
plication of  a  moderate  heal,  and  burn  almost  entirely  away,  with 
a  clear  bright  flame.  By  distillation,  they  yield  a  quantity  of  wa- 
ter holding  carbonate  and  sulphuret  of  ammonia  in  solution  ;  a 
large  proportion  of  tar  is  obtained,  which,  by  evaporation  and  fu- 
sion, forms  a  kind  of  asphaltum ;  and  an  immense  production 
takes  place  of  heavy  carburettcd  hydrogen  gas,  which  maybe  ap- 
plied to  burning  in  lamps.  In  the  retort,  a  hard  heavy  charcoal 
remains  called  coak.  It  contains  generally  a  good  deal  of  sulphur; 
and  emits,  during  combustion,  a  suffocating  smell  of  sulphurous 
acid. 

Glance  coal  appears  to  consist  of  almost  pure  charcoal  without 
any  bitumen,  and  combined  only  with  a  proportion  of  earth.  It  is 
common  in  some  parts  of  this  kingdom,  where  it  is  known  by  the 
name  of  atone  coal.  It  burns  with  little  or  no  flame  ;  and,  when 
submitted  to  distillation,  yields  no  tar,  and  a  carburettcd  hydrogen 
gas,  which,  from  its  inferior  density,  cannot  be  advantageously  burn- 
ed in  lamps. 

In  peat  or  turf,  the  remains  of  vegetable  organization  are  ge- 
nerally very  evident;  and  it  consists,  indeed,  in  a  great  measure, of 
fibres  of  several  mosses,  with  occasionally  whole  branches,  and 
even  trunks,  of  various  trees.  It  is  extremely  inflammable  in  the 
open  air  ;  and,  when  distilled  in  close  vessels,  yields  products  si- 
milar to  those  of  coal.  The  gas,  however,  which  is  evolved,  ap- 
proaches more  in  its  characters  to  carbonic  oxide  than  to  carburet- 
ted  hydrogen.  In  an  excellent  account  of  this  substance,  given 
by  Mr.  Jameson  in  his  Mineralogy  of  the  Shetland  Isles,  peat  is 
said  to  contain  the  suberic  acid.  The  sulphates  of  it  on,  soda,  and 
magnesia,  are,  also,  occasionally  found  as  ingredients  of  peat ;  and, 
when  in  considerable  proportion,  impair  its  combustibility. 

Mellilite  or  honey-stone,  so  called  from  the  resemblance  of 
its  colour  to  that  of  honey,  is  a  very  rare  production,  and  has  been 
found,  accompanying  brown  coal,  in  a  very  few  parts  of  the  conti- 
nent. It  is  consumed  when  ignited  in  the  open  air,  but  without 
flame  or  smoke.  When  long  boiled  in  water,  it  yields  a  solution, 
which,  on  being  concentrated  and  mixed  with  alcohol,  becomes 
pitchy.  By  continued  trituration,  however,  it  is  dissolved  with  the 
exception  of  some  earthy  flocculi.  The  clear  liquid,  decanted  and 
evaporated,  yields  a  brownish  saline  mass  ;  from  which,  by  two 
successive  evaporations  and  solutions,  needle-shaped  crystals  are 
obtained.     These  are  the  pure  mcllitic  acid. 

The  taste  of  this  acid  is  sweetish,  and  at  the  same  time  sour, 
with  some  bitterness.  It  is  combustible  when  ignited  in  the  air  ; 
and  is  decomposed  by  nitric  acid,  without   the   production  of  any 
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oxalic  acid.  Dropped  into  the  watery  solutions  of  lime,  barytes, 
or  strontites,  it  gives  a  precipitate,  which  is  solu.de  in  muriatic 
acid  With  acetates  of  barytes  and  lead,  and  nitrates' of  mercury 
and  iron,  it  gives  precipitates,  which  are  soluble  in  nitric  acid.  It 
neutralizes  the  three  alkalis,  and  affords  with  them  crystallizable 
salts. 


SECTION  XX. 

Of  the  Vegetable  Principles  of  Asparagus,  Elm-tree   Gum,   Elacam- 
pane,  Mushrooms,  Saffron,  and  Cocculus  Indicus. 

By  an  attentive  examination  of  the  products  of  vegetation,  some 
new  substances  have  been  discovered,  the  properties  of  which  do 
not  agree  with  those  of  any  that  have  been  the  subjects  of  the  pre- 
ceding sections.  Hitherto,  however,  they  have  scarcely  been  so 
much  investigated,  as  to  entitle  them  to  rank  as  distinct  species. 

1.  Asfiaragin.  From  the  juice  of  asparagus,  concentrated  by 
evaporation,  Messrs.  Vauquelin  and  Robiquet  observed  a  consider- 
able number  of  crystals  to  separate  spontaneously*  CM  these, 
some  became,  after  repeated  crystallizations,  perfectly  white  and 
transparent.  They  were  cool  and  slightly  nauseous  to  the  taste  ; 
were  soluble  in  water  ;  and  neither  affected  the  re-agents  for  acids 
nor  alkalis.  The  infusion  of  galls,  acetate  of  lead,  oxalate  of  am- 
monia, muriate  of  barytes,  and  hydro-sulphuret  of  potash,  produc- 
ed no  change  in  the  solution  ;  and  no  ammonia  was  disengaged 
bv  potash.  When  burned  in  a  plalina  crucible,  they  swelled 
up, and  emitted  penetrating  vapours,  which  affected  the  eyes  and 
nose  like  the  smoke  of  wood  ;  and  left  a  large  proportion  of  char- 
coal, in  which  no  traces  of  alkali  could  be  discovered.  Towards 
the  close  of  the  decomposition,  an  odour  arose  similar  to  that  of 
animal  matter,  and  inclining,  also,  to  that  of  ammonia.  It  appears, 
therefore,  that  this  substance,  though  crystallizable,  cannot  be  con- 
sidered as  a  neutral  salt;  for  it  contains  neither  alkali  nor  earth. 
Like  other  vegetable  matters  it  appears  to  consist  of  hydrogen, 
oxygen,  and  charcoal,  in  proportions  not  yet  determined,  with  per- 
haps some  nitrogen. 

2.  Ulmin.  In  the  year  1802,  Klaproth  received  from  Palermo,  a 
substance  which  exudes  spontaneously  from  a  species  of  elm,  and 
which,  in  exurnal  characters,  bore  a  considerable  resemblance  to 
gum.  It  dissolved  in  a  small  quantity  of  water,  and  gave  a  trans- 
parent solution  of  a  blackish  brown  colour,  which  was  not.  how- 
ever, murila^inous,  and  could  not  be  applied  to  the  purpose  ot  a 
paste.     Nitric  acid   precipitated  from   the  solution  a  light  brown 

*  Nicholson's  Journal.,  xv,  242 
3  R 
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substance,  which  was  soluble  in  alcohol,  though  the  gum  itself 
resisted  that  solvent.  Oxymuriatic  acid  produced  a  similar  effect. 
The  property  of  producing  a  resin  by  the  addition  of  a  little  oxy- 
gen, is  peculiar  to  this  substance,  and  sufficiently  characteristic. 
Dr.  Thomson  has  proposed  for  it  the  name  of  Ulmin  ;  and  he  and 
Mr.  Smithson  have  recently  paid  much  attention  to  the  investiga- 
tion of  its  properties.*  It  appears  to  be  a  very  common  vegetable 
product,  exuding  from  various  trees,  and  existing,  according  to 
Berzelius,  in  the  bark  of  most.  When  pure,  it  is  tasteless  ;  spar- 
ingly soluble  in  water  and  in  alcohol  ;  not  precipitated  by  acids, 
gelatine  or  tan  ;  and  very  soluble  in  alkaline  carbonates,  from 
which  it  is  separated  by  acids  and  metallic  salts. 

3.  Inulin.  When  the  roots  of  the  inula  helenium  or  elecampane 
are  boiled  some  time  in  water,  the  decoction,  after  standing  some 
hours,  deposits  a  white  powder  like  starch,  but  differing  in  its 
chemical  qualities.  Rose,  who  appears  to  be  the  only  person  that 
has  investigated  its  properties,  finds!  that  it  is  insoluble  in  cold 
water,  but  readily  dissolves  in  four  times  its  weight  of  boiling  wa- 
ter into  a  liquid  which  is  somewhat  mucilaginous  and  not  quite 
transparent.  After  some  hours,  the  substance  precipitates  from 
the  water,  in  the  form  of  a  white  powder  ;  and  it  is  immediately 
thrown  down  by  alcohol.  When  placed  on  burning  coals,  it  melts 
as  readily  as  sugar,  and  emits  a  similar  smell.  When  treated  with 
nitric  acid,  it  yields  oxalic  and  malic  acids  ;  or  acetic  acid  if  too 
much  nitric  acid  be  employed.  It  differs,  however,  from  gum  in 
not  affording,  by  this  treatment,  any  saccholactic  acid  ;  and  from 
starch  (besides  separating  spontaneously  from  hot  water,)  in  yield- 
ing none  of  the  waxy  matter,  which  is  formed  when  starch  is  di- 
gested with  the  same  acid. 

4.  Fungin.  This  substance  has  been  extracted  by  BraconnotJ 
from  the  fleshy  part  of  mushrooms.  It  may  be  obtained  by  wash- 
ing off  the  soluble  ingredients  with  hot  water,  to  which  a  little 
alkali  has  been  added.  There  remains  a  white,  insipid,  soft,  and 
but  little  elastic  substance.  It  has  a  fleshy  structure,  and  is  in  a 
high  degree  nutritious,  and  free  from  deleterious  properties. 
When  dry.  it  burns  vividly,  and  emits  an  odour  resembling  that  of 
bread.  By  destructive  distillation,  it  yields  ammonia,  and  not  an 
acid  like  wood.  It  differs,  also,  from  lignin,  in  being  insoluble  in 
alkaline  solutions,  except  when  they  are  heated  and  very  strong. 
Pure  ammonia  dissolves  a  portion  of  it,  but  deposits  it  on  exposure 
to  air. 

Weak  sulphuric  acid  has  no  action  on  fungin.  The  concentrat- 
ed acid  chars  it.  and  sulphurous  and  acetic  acids  are  formed.  Mu- 
riatic acid  dissolves  it  slowly,  and  converts  it  into  a  gelatinous 
matter.  When  heated  with  diluted  nitric  acid,  azotic  gas  is  dis- 
engaged.    In  this  property,  and  in  the  results  of  its  putrefaction, 


*  See  his  Annals  of  Philos.  vols.  1  and  2  j  and  Mr.  Smithson's  paper  Phil. 
Trans    1813. 

f  Thomson's  Chemistry,  v.  54.  i  79  Ann.  de  Chim.  257. 
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as  well  as  in  yielding  ammonia  on  distillation,  it  approaches  very 
nearly  to  animal  substances. 

5.  Polychroite.  This  name  has  been  given,  by  Bouillon  La  Grange 
and  Vogel,  to  the  extract  of  saffron  prepared  with  alcohol.  It  has 
a  very  intense  yellow  colour,  a  bitter  taste,  and  an  agreeable  smell. 
It  is  soluble  in  water  and  in  alcohol  ;  and  the  solution,  by  expo- 
sure to  light,  gradually  loses  its  colour,  which  is  destroyed,  also, 
by  oxymuriatic  acid.  A  few  drops  of  sulphuric  acid  change  the 
colour  to  a  beautiful  blue  ;  and  nitric  acid,  added  in  like  manner, 
to  green. 

Polychroite  unites  with  lime,  potash,  and  barytes,  and  affords 
with  those  bases  soluble  compounds.  Sulphate  of  iron  precipitates 
it  of  a  dark  brown  colour.  By  destructive  distillation,  it  yields 
an  acid  liquor  containing  ammonia,  and  carbonic  acid  and  carbu- 
retted  hydrogen  gases. 

6.  Picrotoxine.  This  principle  is  the  one  which  communicates 
to  the  cocculus  indicus  its  deleterious  properties.  Boullay  obtained 
it,  from  that  seed,  by  the  following  process.  The  seeds,  deprived 
of  their  pericarp,  were  boiled  in  a  sufficient  quantity  of  water; 
and,  to  the  decoction,  acetate  of  lead  was  added,  as  long  as  any 
precipitate  was  occasioned.  The  liquid  was  again  filtered,  and 
slowly  evaporated  to  the  consistence  of  an  extract,  which  was  dis- 
solved in  alcohol,  and  the  solution  evaporated  to  dryness.  The  dry 
mass  consisted  of  picrotoxine,  mixed  with  a  little  colouring  matter, 
the  latter  of  which  was  separated  by  a  very  small  quantity  of  wa- 
ter, and  the  picrotoxine  remained  in  small  crystals.  Its  properties 
are  the  following  : 

1.  It  is  white,  and  crystallizes  in  four-sided  prisms.  Its  taste  is 
disgustingly  bitter.  One  hundred  parts  of  boiling  water  dissolve 
four  of  picrotoxine,  and  one  half  separates  on  cooling.  The  so- 
lution does  not  affect  vegetable  blues. 

2.  Alcohol  of  the  specific  gravity  .810  dissolves  one  third  its 
weight  of  picrotoxine.  The  addition  of  a  little  water  throws 
down  a  precipitate,  which  a  larger  quantity  redissolves. 

3.  Sulphuric  acid  has  no  remarkable  action  on  it.  Nitric  acid 
dissolves  it,  and  affords  a  yellowish  green  solution.  When  heat  is 
applied,  oxalic  acid  is  formed.  Acetic  acid  readily  dissolves  it, 
and  it  is  precipitated  by  carbonate  of  potash.  It  is  soluble,  also,  in 
weak  solutions  of  the  pure  alkalis. 

4.  The  results  of  its  destructive  distillation  do  not  materially 
differ  from  those  of  other  vegetable  matter. 
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RESULT    OF     THE     SPONTANEOUS     DECOMPOSITION    OF     VEGETABLE 
SUBSTANCES. 


SECTION  I. 

Vinous  Fermentation. 


THE  phenomena  and  results  of  this  process  may  be  accurately 
examined,  by  means  of  an  apparatus  similar  to  that  described  in 
Lavoisier's  Elements,  part  iii.  ch.  vi.  A  more  simple  one,  how- 
ever, will  sufficiently  answer  the  purpose.  It  may  consist  of  a  large 
glass  matrass,  shaped  like  fig  4,  capable  of  holding  10 or  \2  pints. 
Into  the  opening  of  the  neck,  a  glass  tube  may  be  cemented, 
winch  is  to  be  twice  bent  at  right  angles.  The  aperture  of  the 
other  leg  may  terminate  in  a  two-necked  bottle,  from  which  a  bent 
glass  tube  is  to  proceed,  and  to  be  carried  under  the  shelf  of  the 
pneumatic  trough,  or  (which  is  better)  into  the  receiving-pipe  of  a 
gazometer,  fig.  35,  b.  The  matrass  may  then  be  half  filled  with  a 
solution  of  sugar  in  a  proper  quantity  of  water,  or  with  an  infusion 
of  malt  with  the  addition  of  a  little  yeast.  When  placed  in  a 
room,  the  temperature  of  which  is  not  below  60°  Fahrenheit,  the 
fermentation  soon  begins  to  take  place ;  a  brisk  motion  is  ob- 
served in  the  liquid ;  it  becomes  turbid,  and  deposits  some  impu- 
rities, while  a  frothy  scum  rises  to  the  surface.  When  the  mate- 
rials are  in  large  quantity,  viz.  sufficient  to  fill  a  cask,  a  hissing 
noise  is  heard  in  the  liquid,  and  its  bulk  increases  so  much,  tliat, 
if  the  vessel  were  full,  it  now  overflows.  At  the  same  time,  a  con- 
siderable quantity  of  gas  escapes,  and  passes,  through  the  bent 
tube,  into  the  receiver  inverted  in  the  pneumatic  trough,  or  into 
the  gazometer.  During  the  process  of  fermentation,  the  liquor 
preserves  a  higher  temperature  than  that  of  the  surrounding  at- 
mosphere. After  some  days,  these  appearances  gradually  decline; 
and,  if  the  process  has  been  well  conducted,  and  suspended  at  the 
proper  period,  the  result  is  a  liquor,  not  sweet,  like  that  submitted 
to  experiment,  but  having  a  vinous  taste  and  smell. 

When  the  gas,  contained  in  the  gazometer,  is  examined,  it  is 
found  to  be  carbonic  acid,  holding  in  solution  something  which 
has  a  smell  like  that  of  the  fermented  liquor.  On  submitting  the 
latter  to  distillation,  we  obtain  a  liquid  considerably  lighter  than 
water,  and  having  a  strong  spirituous  taste.  T:>is,  when  deprived 
of  the  water  with  which  it  is  combined,  is  alcohol. 
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Alcohol. 

It  has  been  a  subject  of  controversy  whether  the  alcohol  obtain- 
ed by  the  distillation  of  wines,  and  of  other  fermented  liquors,  ex- 
isted ready  formed  in  those  liquors,  or  has  been  actually  produced, 
in  consequence  of  a  new  arrangemect  of  the  elements  of  the  fluid 
by  the  increase  of  temperature.  The  latter  opinion  was  supported 
by  Fabroni,*  and  had  gained  considerable  currency,  till  the  con- 
trary was  fully  established  by  Mr.  Brande,t  in  two  memoirs  ;  in 
the  first  of  which  it  was  shown,  that  the  results  of  the  distillation 
of  wine  are  not  affected  by  a  variation  of  temperature  equal  to  20 
degrees  of  Fahrenheit;  and  in  the  second,  that  alcohol  may  be  se- 
parated from  wine,  without  the  intervention  of  heat. 

When  a  solution  ot  acetate  of  lead  (sugar  of  lead)  or  of  sub- 
acetate  of  lead  (Goulard's  Extract)  is  added  to  wine,  a  dense  inso- 
luble precipitate  is  quickly  formed,  consisting  of  a  compound  of 
the  metallic  oxide,  with  the  acid  and  extractive  colouring  matter 
of  the  wine.  On  filtering  the  fluid,  we  obtain  a  mixture  of  alcohol, 
water,  and  a  portion  of  the  acid  of  the  metallic  salt;  provided  the 
latter  has  not  been  added  in  excess,  in  which  case  a  part  of  the 
salt  remains  undecomposed.  From  this  liquid,  hot  and  dry  sub- 
carbonate  of  potash  separates  the  water;  and  the  alcohol  floats  at 
the  top,  forming  a  distinct  stratum.  By  operating  on  artificial  mix- 
tures of  alcohol  and  water,  Mr.  Brande  found  that  when  the  alcohol 
is  not  less  than  16  per  cent,  the  quantity,  indicated  by  the  sub-car- 
bonate, was  always  within  one  half  part  in  100  of  the  real  propor- 
tion contained  in  the  mixture.  The  experiments  may  be  repeated 
in  glass  tubes,  from  half  an  inch  to  two  inches  diameter,  accurate- 
ly graduated  into  100  parts. 

Gay  Lussacf  has  lately  recommended  the  substitution  of  very 
finely  powdered  litharge  for  the  acetate  of  lead ;  and  has  added 
the  important  fact  that  wine  distilled  in  vacuo,  at  the  temperature 
of  60°  Faht.  affords  alcohol  ;  a  convincing  proof,  if  any  had  been 
required,  that  the  alcohol  is  merely  separated,  and  not  formed,  by 
distillation. 

From  an  extensive  series  of  experiments,  Mr.  Brande  has  con- 
structed the  following 


Ann.  de  Chim.  xx:.  j  Pbil.  Trans.  1811,  lcl 3 
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Table  of  the  Quantity  of  Alcohol,  of  Specific  gravity  .825   at  60° 
Fahrenheit,  in  various  Wi7ies,  ISfc. 


Kind  of  Wine. 


100  Measures 
cont  in 

.     .     23.48 


Kind  of  Wine. 

100  Measures 
contain 

^y^r^J 

Frontignac 12.79 

Coti  Roti       .     . 

12.32 

Rousillon       .     .     . 

17.26 

Cape  Madeira  . 

18.11 

Cape  Muschat 

18.25 

Constantia     .     . 

19.75 

1330 

Syracuse        .     .  . 

15.28 

14.63 

Raisin  Wine 

2577 

Grape  Wine 

18.11 

Currant  Wine    . 

.     20  55 

Gooseberry  Ditto 

11.84 

Elder  Wine 

9.87 

9.87 

9.87 

Brown  Stout 

.       6.80 

Ale      .... 

888 

Hollands  .    .    . 

.     51.61 

Port,  average     .     .     . 

Ditto,  highest    ....  35.83 

Ditto,  lowest      ....  19 

Madeira,  highest  .     .     .  24.42 

Ditto,  lowest      ....  19.34 

Sherry,  average  of  4       .  19.19 

Claret,  ditto  of  3  .     .     .  14.43 

Calcavella 18.10 

Lisbon 18.94 

Malaga 17.26 

Bucellas 18.49 

Red  Madeira     .     .     .     .  18.40 

Malmsey  Madeira       .     .  16.40 

Marsala 25.87 

Ditto 17.26 

Red  Champagne    .     .     .  1130 

White  Ditto       ....  12.80 

Burgundy 14.53 

Ditto 11-95 

White  Hermitage       .     .  17  43 

Red  Ditto 12.32 

Hock 14.37 

Ditto 8.88 

Vin  de  Grave    ....  12.80 

Some  doubt  may,  perhaps,  be  excited  of  the  accuracy  of  this 
Table,  by  a  reference  to  the  comparative  intoxicating  effects  of 
port  wine  and  brandy,  the  latter  of  which  certainly  are  more  than 
double  those  of  the  former.  But  it  is  to  be  remembered,  that,  in 
wine,  the  alcohol  is  in  a  state  of  combination  with  other  ingredi- 
ents, which  must  necessarily  diminish  its  activity  on  the  animal 
system. 

I.  To  prepare  alcohol,  the  spirit  of  wine  of  the  shops  may  be 
employed.  To  a  quantity  contained  in  a  glass  vessel,  the  sub- 
carbonate  of  potash,  perfectly  dry,  and  heated  to  about  300°,  is  to 
be  added  ;  the  mixture  is  to  be  well  shaken  ;  the  clear  liquor  de- 
canted ;  and  this  is  to  be  repeated  as  long  as  the  alkali  is  moistened 
by  the  spirit.  When  enough  has  been  employed,  the  next  addition 
will  fall  to  the  bottom  in  a  perfectly  dry  state.  The  dry  muriate  of 
lime  may  be  advantageously  used  as  a  substitute  for  alkali.  Or 
it  may  be  employed  to  strengthen  alcohol,  which  has  been  prepar- 
ed with  the  mild  vegetable  alkali ;  but  it  appears  doubtful  whether 
a  little  ether  is  not  produced  by  its  action.  When  the  muriate  is 
no  longer  moistened  on  being  added  to  the  spirit,  we  may  conclude 
that  enough  has  been  used.  Two  distinct  strata  will  then  be  seen 
in  the  liquid,  the  solution  of  muriate  of  lime  in  water,  at  the  bot- 
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torn,  and  the  alcohol  at  the  top.  The  latter  is  to  be  decanted,  or 
drawn  off  by  a  syphon,  and  then  submitted  to  distillation,  reserving 
only  the  portions  which  first  pass  over.  Gay  Lussac  recommends 
quicklime  or  barytes,  in  preference  to  muriate  of  lime  ;  and  Du- 
buc  advises  the  use  of  dry  alumine,  by  which  he  brought  alcohol 
to  the  specific  gravity  .817,  without  any  risk  of  forming  ether  by 
the  process.* 

II.  1.  Alcohol  is  considerably  lighter  than  water,  viz.  in  the 
proportion  of  800  or  820  to  1000.  The  lightest,  that  can  be  ob- 
tained, by  simple  distillation,  from  spirit  of  wine,  has  the  specific 
gravity  of  825.  By  the  intervention  of  substances  which  strongly 
attract  water,  Chaussier  brought  it  to  the  specific  gravity  of  798, 
and  Covitz  and  Saussure  jun.  to  791  or  792.  Alcohol  of  the  spe- 
cific gravity  820  still  contains,  according  to  Lovitz,  about  T\,th  its 
weight  of  water.  When  of  the  specific  gravity  920,  it  has  been 
called  proof  spirits  ;  the  term  above  proof  being  used  to  denote  a 
spirit  lighter  than  this,  and  under  proof  one  which  contains  a  still 
larger  proportion  of  water.  Rectified  spirit  is  directed,  by  the 
London  Pharmacopoeia,  to  have  the  specific  gravity  of  835,  but  it 
seldom  exceeds  840.  The  quantity  of  alcohol  and  water  in  mix- 
tures of  different  specific  gravities,  may  be  learned  from  Mr.  Gil- 
pin's copious  tables,  of  which  the  following  is  an  abstract.! 

Table,  shewing  the  Specific  Gravity  of  the  Mixtures  of  Alcohol  and 

Water. 


SPECIFIC  GRAVITIES. 

Centesimal  parts  of 

According-  to 

According  to  Gilpin. 

the  Mixture. 

Chaussier. 

(last  Table.) 

Alcohol  ...   100 

0.7980 

0.825 

95 

0.8165 

0.83887 

90 

0.8340 

0.85244 

85 

0.8485 

0.86414 

80 

0.8620 

0.87606 

75 

0.87525 

0.88762 

70 

0.8880 

0.89883 

65 

0.9005 

0.90941 

60 

09120 

0.91981 

55 

0.9230 

0.92961 

50 

0.9334 

0.93882 

45 

0.94265 

0.94726 

40 

0.9514 

0  95493 

35 

0.95865 

0.96158 

30 

0.96535 

0.96736 

25 

0.97035 

0.97239 

20 

0.97605 

0.97723 

15 

0.9815 

0  98213 

10 

0.9866 

0.98737 

5 

0.99335 

0.99327 

0 

0.99835 

)           1  .OGO'OO 

*  86  Ann.  de  Chim.  314. 


\  Philosophical  Transactions,  1794,  or  Nicholson's  Journal,  4to.  vol.  i.     Mr. 
Gilpin's  standard  alcoholhad  the  specific  gravity  of  825,  and  Chaussier's  of  798. 
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2.  Alcohol  unites  chemically  with  water;  and  caloric  is  evolved 
during  ttiis  union.  Equal  measures  of  alcohol  and  water,  each  at 
50°  Fahrenheit,  give  by  sudden  admixture  an  elevation  of  nearly 
2j°  of  :emperature  ;  and  equal  measures  of  proof  spirit  and  wa- 
ter an  increase  of  9^°.  The  bulk  of  the  resulting  liquid  is  less 
also  than  that  of  the  two  before  admixture.  Thus  a  pint  of  alcohol 
and  a  pint  of  water,  when  the  mixture  has  cooled  to  the  tempera- 
ture of  the  atmosphere,  falls  considerably  short  of  two  pints. 

3.  Alcohol  is  highly  inflammable.  During  its  combustion,  car- 
bonic acid  is  generated;  no  charcoal  appears;  and  a  quantity  of 
Wuter  is  produced  which  exceeds  in  weight  the  alcohol  employed. 
An  ingenious  apparatus,  for  the  purpose  of  ascertaining  this  fact,  is 
described  in  the  third  part  of  Lavoisier's  Elements,  and  is  repre- 
sented in  the  9th  piate  of  that  work,  fig.  5.  The  flame  of  alcohol 
acquires  a  red  colour  from  muriate  of  lime,  a  deep  blood-red  from 
the  muriate  of  strontn  s,  and  a  green  tinge  from  boracic  acid. 

4.  Alcohol  is  a  fluid  which  is  remarkably  expansible  by  heat. 
Dividing  the  scale  between  the  freezing  and  boiling  points  ot  wa- 
ter into  "two  equal  parts,  Mr.  De  Luc  has  stated  that  alcohol  ex- 
pands 35  parts  for  the  first  90°,  and  45  parts  for  the  second  90°. 
The  strength  of  his  alcohol,  however,  is  described  only  by  the  in- 
definite test  of  its  firing  gun  powder.  Mr.  Dalton  found  that  1000 
parts  of  alcohol  of  the  specific  gravity  .817  at  50°  Fahrenheit  be- 
come 1079  parts  at  170°.  At  1 10°,  half  way  between  the  two  ex- 
tremes, the  alcohol  was  at  1U39,  or  half  a  division  below  the  true 
mean.  The  more  the  alcohol  is  diluted  with  water,  the  greater  he 
found  the  disproportion  between  the  two  parts  of  the  scale.  When 
of  the  specific  gravity  .967,  answering  to  75  per  cent,  water,  the 
ratio  of  expansion  through  the  first  half  between  50°  and  170°,  was 
to  that  through  the  second  half  as  35  to  45,  which  is  precisely  the 
same  as  D.  Luc  gives  for  pure  alcohol.  In  reporting  these  re- 
sults no  account  is  taken  of  the  expansion  of  the  glass  vessel,  and 
consequently  the  real  expansions  may  be  considered  as  rather  ex- 
ceeding the  apparent  ones  which  have  been  stated. 

5.  Alcohol  boils  at  176°.  If  water  be  added,  its  boiling  point  is 
proportionably  raised  ;  so  that  the  temperature,  at  which  it  boils, 
is  not  a  bad  test  of  its  strength.  At  this  degree  of  heat  it  is  con- 
verted into  a  vapour,  which  may  be  exploded  by  passing  an  elec- 
tric spark  through  a  mixture  of  it  with  oxygen  gas. 

Alcohol  of  the  specific  gravity  8152  at  50°  Fahrenheit,  gives  a 
gas,  the  density  of  which  is  1  J  times  that  of  the  atmosphere.  To 
become  gaseous,  alcohol  absorbs  0.436,  the  caloric  required  to 
vaporize  an  equal  weight  of  water. 

6  It  has  never  yet  been  congealed  by  any  known  method  of  pro- 
ducing artificial  cold.  Even  when  diluted  with  an  equal  weigh'  of 
water',  it  requires  a  cold  of  6°  below  0  to  congeal  it.  Mr.  Hutton, 
of  Edinburgh,  announced,  indeed,  more  than  two  years  ago,*  that 
he  had  succeeded  in  congealing  alcohol  of  the  specific  gravity 
.798.  but  the  details  of  his  process  have  not  yet  been  published. 

*  Nicholson's  Journal,  «xiv.  1G6.  Sec  also  Thomson's  Annals,  i.  221,  and 
ii.  63,  471. 
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7.  Alcohol  is  a  powerful  solvent.  It  dissolves  soap ;  vegetable 
extract ;  sugar ;  oxalic,  camphoric,  tartaric,  gallic,  and  benzoic 
acids;  volatile  oils;  resins  ;  and  balsams.  It  combines,  also,  with 
sulphur,  phosphorus,  and  the  pure  alkalis;  but  not  with  their  car- 
bonates. Of  the  class  of  salts  with  alkaline,  earthy,  and  metallic 
bases,  alcohol  dissolves  some  copiously,  others  sparingly,  and 
others  not  at  all.  The  proportion  in  which  some  of  these  are  taken 
up,  is  stated  in  the  following  Table  by  Wenzel,  the  principal  de- 
fect of  which  is  the  omission  of  the  specific  gravity  of  the  alcohol 
employed. 
Two  hundred  and  forty  grains  of  boiling  alcohol  dissolve  of 

Grains. 
Borate  of  ammonia     .  .     . 
Fluate  of  alumine       .     .     . 
ammonia    .     .    . 


Muriate  of  ammonia 

lime 

magnesia 

potash     . 

Nitrate  of  alumine 

ammonia 

lime    .     . 

magnesia 

potash 

soda     .     . 

Oxalate  of  alumine 
Tartrate  of  alumine 

—  ammonia 

potash 


] 
1 
1 

17 

288 

1313 

5 

240 

214 

288 

694 

5 

23 

7 

7 

7 

1 

7 

7 


Super-tartrate  of  potash     . 

oxalate  of  potash 

Mr.  Kirwan,  also,  has  given  us  a  very  useful  Table,  showing  the 
power  of  alcohol  at  different  specific  gravities  to  dissolve  several 
of  the  neutral  salts.  The  salts  were  first  deprived  of  their  water  of 
crystallization,  and  were  digested,  during  three  days,  with  alcohol, 
the  temperature  of  which  never  exceeded  80°  Fahrenheit. 

100  Grains  of  Alcohol  at 

, .A x 

.817 


Sulphate  of  soda     .     .     . 

. magnesia 

Nitrate  of  potash    .     . 

soda       .     . 

Muriate  of  potash 

.         soda       .     . 

ammonia    . 

-  magnesia  .     . 

barytes       .     . 

crystallized 


Acetate  of  lime 


.900 

.872 

.848 

.834 

0 

0 

0 

0 

1 

1 

0 

0 

2.76 

1 

0 

0 

10.5 

6 

0.38 

4.62 

1.66 

.  . 

0.38 

5.8  1  3.67 

.   . 

0.5 

7.5     4.75 

.  . 

1.5 

21.25    .  . 

23.75 

36.25 

1          .   .  1    0.29 

0.18 

1.561  ...  1    0.43 

0.32 

2.4 

I   •    • 

!    4.12 

4.75 

50 
0.09 
0.06 
4.88 
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Some  salts,  also,  when  actually  dissolved  in  water,  are  precipi- 
tated by  the  addition  of  alcohol.  This  is  the  case  chiefly  with  the 
sulphates,  several  of  which  are  precipitated- immediately,  while 
others  are  not  separated  without  the  application  of  heat  and  a  few 
days  repose. 

8.  Alcohol,  when  transmitted  through  a  red-hot  copper  tube,  is 
decomposed.  The  tube  is  found  lined  with  a  very  fine  light  soot 
resembling  lamp-black,  and  an  enormous  quantity  of  carburctted 
hydrogen  gas  is  evolved,  not  less,  as  appears  from  an  experiment 
of  Van  Marum,  than  ten  cubic  feet  by  the  decomposition  of  three 
ounces  of  alcohol.  From  the  analysis  of  this  gas,  Mr.  Cruickshank 
has  inferred  that  in  alcohol  the  carbon  is  to  the  hydrogen  in  the  pro- 
portion of  4  to  1.* 

9.  In  order  to  determine  accurately  the  composition  of  alcohol, 
Lavoisier  burned  a  quantity  with  very  minute  attention  to  the  pro- 
ducts. The  weight  of  alcohol  consumed  amounted  to  93  5  grains, 
and  1 10.32  grains  of  oxygen  were  expended  in  the  combustion. 
The  water  produced  amounted  to  106.2  grains,  and  the  carbonic 
acid  to  93.8.  From  the  known  quantity  of  carbon  in  carbonic  acid, 
and  of  hydrogen  in  water,  Lavoisier  inferred  that  the  alcohol,  on 
which  he  operated,  consisted  of 

Carbon  .  28.53 

Hydrogen     .        .         .         .  7.87 

Water  (existing  in  the  alcohol)  63.6 


100. 


Comparing,  then  the  composition  of  alcohol  with  that  of  sugar 
(a  compound,  as  has  already  been  stated,  of  eight  parts  hydrogen, 
64  oxygen,  and  28  carbon),  the  same  distinguished  philosopher  was 
led  to  the  conclusion,  that,  during  the  vinous  fermentation,  part  of 
the  carbon,  by  uniting  with  the  oxygen,  passes  to  the  state  of  car- 
bonic acid,  and  that  the  remaining  carbon,  with  the  hydrogen  of  the 
sugar,  composes  alcohol.  If,  therefore,  it  were  possible  to  combine 
carbonic  acid  and  alcohol,  sugar  ought  to  be  regenerated. 

An  analysis  of  alcohol  has  lately  been  executed  with  considerable 
skill  by  Saussure,  jun.  Two  different  methods  were  employed  in 
his  experiments.  Alcohol  was  transmitted  through  a  red-hot  por- 
celain tube  ;  by  which  operation  it  afforded  water,  and  a  quantity  of 
gas,  which  readily  admitted  of  analysis.  By  an  elaborate  set  of  ex- 
periments, alcohol,  of  specific  gravity  .792  at  68°,  was  proved  to 
contain,  percent. 

Carbon  .  .  51.98 
Oxygen  .  .  34.32 
Hydrogen      .     13.70 

100. 
*  Nicholson's  Journal,  4to.  v.  7 
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Beside  the  hydrogen,  necessary  to  form  water  with  the  34.32 
parts  of  oxygen,  there  are  9.15  parts  of  hydrogen  in  excess.  Now 
it  is  remarkable  that  this  excess  of  hydrogen  is  to  the  carbon  in 
alcohol  (5  1.98)  in  the  same  proportions  as  the  hydrogen  is  to  the 
charcoal  of  oletiant  gas;  and  we  are,  therefore,  entitled  to  consider 
100  parts  of  alcohol,  of  specific  gravity  .792,  as  constituted  of  (9. 15 
-f  51.98  =)  61.13  parts  of  defiant  gas  and  38.87  of  water;  or  of 
two  atoms  of  olefiant  gas,  and  one  of  water ;  or  of  two  atoms  of 
charcoal,  three  of  hydrogen,  and  one  of  oxygen. 

In  100  parts  of  alcohol,  specific  gravity  .792,  we  have,  therefore, 
the  elements  of  100  parts  of  olefiant  gas,  united  with  those  of  63.6 
water.  But  as  this  alcohol  may  still  be  supposed  to  contain  8.3  per 
cent,  water,  real  alcohol  is  probably  constituted  of  100  parts  of  the 
elements  of  olefiant  gas,  and  of  fifty  parts  of  water. 

By  distillation  with  the  more  powerful  acids,  alcohol  undergoes 
an  important  change.  It  is  converted  into  a  liquid  considerably 
lighter  than  alcohol,  and  much  more  volatile  and  inflammable,  and 
miscible  only  in  small  proportion  with  water.  This  fluid  has  re- 
ceived the  generic  name  of  ether  ;  and  the  peculiar  varieties  are 
distinguished  by  adding  the  name  of  the  acid,  by  the  intervention  of 
Which  they  have  been  prepared. 


SECTION  III. 

Ether. 

I.  To  prepare  vulfihuric  ether,  pour  into  a  retort  any  quantity  of 
alcohol,  and  add,  at  intervals  sufficient  to  allow  the  mixture  to  cool 
after  each  addition,  an  equal  weight  of  concentrated  sulphuric 
acid,  agitating  them  together  each  time,  and  taking  care  that  the 
temperature  of  the  mixture  does  not  rise  above  120°  Fahrenheit. 
Let  the  retort  be  placed  in  a  sand-bath  previously  heated  to  200°, 
and  be  connected,  by  means  of  an  adopter,  with  a  tubulated  receiver. 
To  the  tubulure  of  the  receiver,  a  glass  tube,  twice  bent  at  right 
angles,  may  be  luted  ;  and  its  aperture  be  immersed  in  a  cupful 
of  water  or  mercury.  The  condensible  vapour  is  thus  confined  ; 
while  the  gases  that  are  produced  are  allowed  to  escape.  The 
receiver  and  adopter  should  be  kept  cool  by  the  application  of  ice 
or  of  moistened  cloths.  As  soon  as  the  materials  begin  to  boil, 
ether  is  produced,  and  passes  over  into  the  receiver.  The  ebullition 
is  to  be  continued,  till  white  vapours  appear  in  the  retort,  or  a  smell 
of  sulphurous  acid  is  perceived  ;  and  the  receiver  is  then  to  be  re- 
moved.  The  liquor,  which  it  contains,  will  probably  have  a  smell 
of  sulphurous  acid.  To  purify  it,  a  small  quantity  of  black  oxide 
of  manganese  may  be  added,  and  the  mixture  may  be  kept  in  a  bot- 
tle about  24  hours,  agitating  it  occasionally.  The  clear  liquid  is 
then  to  be  decanted,  and  distilled  in  a  water  bath,  till  one  half  has 
come  over.  This  is  to  be  preserved  in  a  well-closed  phial.  It  will 
be,  to  the  alcohol  employed,  as  about  one  to  three. 
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If,  when  the  ether  ceases  to  be  formed,  the  receiver  be  removed, 
and  the  heat  still  continued,  sulphurous  acid  is  produced  abundant- 
ly, and  a  yellowish  liquor,  very  different  from  ether,  distils  over. 
This  may  be  mixed  with  a  small  quantity  of  liquid  potash  to  cor- 
rect the  bulphurous  smell,  and  then  submitted  to  a  heat  sufficient 
to  drive  off  the  small  proportion  of  ether.  The  oil  of -wine  remains 
swimming  on  the  watery  liquid. 

II.  Nitric  ether  may  be  prepared  as  follows.  To  two  pints  of 
alcohol,  contained  in  a  glass  retort,  add,  by  degrees,  half  a  pound 
of  nitric  acid ;  and,  after  each  addition,  cool  the  materials,  by  set- 
ting the  retort  in  a  vessel  of  cold  water.  Distil  the  mixture  by  a 
very  cautiously  regulated  heat,  till  about  a  pint  and  a  half  have 
come  over.  In  this  state  the  ether  is  far  from  being  pure,  and 
must  be  redistilled,  with  the  addition  of  pure  potash,  preserving 
only  the  first  half  or  three  fourths  that  come  over. 

Thenard  prepared  nitric  ether  by  the  following  process.  Into  a 
retort,  he  put  equal  parts  (about  16  oz.  of  each)  of  alcohol  and  ni- 
tric acid ;  and  adapted  to  it  in  succession,  by  means  of  glass  tubes, 
five  tall  bottles,  half  filled  with  a  saturated  solution  of  muriate  of 
soda.  In  the  last,  was  a  bent  tube,  opening  under  a  jar,  to  receive 
the  gas.  The  bottles  were  surrounded  by  a  mixture  of  pounded 
ice  and  salt,  which  was  stirred  occasionally.  To  commence  the 
operation,  a  little  fire  was  applied,  but  it  soon  became  necessary  to 
extinguish  it,  and  to  cool  the  retort.  On  the  surface  of  the  saline 
solution,  in  each  of  the  bottles,  was  found,  after  the  process  was 
concluded,  a  yellowish  liquid,  equal  in  weight  to  about  half  the  al- 
cohol employed.  That  in  the  first  bottle  was  impure  ;  but  the  re- 
maining four  contained  nitric  ether  free  from  admixture. 

Nitric  ether,  thus  prepared,  is  specifically  lighter  than  water,  but 
heavier  than  alcohol.  It  dissolves  in  the  latter  fluid,  but  requires 
for  solution  48  parts  of  water.  It  reddens  litmus;  and  though 
this  property  may  be  destroyed  by  a  little  lime,  yet  the  ether  soon 
becomes  acid  again  by  keeping.  It  is  highly  combustible;  and 
much  more  volatile  than  the  best  sulphuric  ether.  It  is  composed, 
in  100  parts,  of  16  azote,  39  carbon,  34  oxygen,  and  9  hydrogen.* 

III.  To  prepare  muriatic  ether,  add,  to  a  mixture  of  8  parts  of 
manganese  and  24  of  muriate  of  soda,  in  a  retort,  12  parts  of  sul- 
phuric acid,  previously  mixed,  with  the  necessary  caution,  with  8 
of  alcohol,  and  proceed  to  distillation.  The  ether,  thus  obtained, 
requires  to  be  rectified  by  a  second  distillation  from  potash ;  and  is 
still  liable  to  be  contaminated  with  sulphuric  ether.  A  more  cer- 
tain process,  which  is  not,  however,  unaccompanied  with  some  diffi- 
culty, consists  in  passing  oxygenized  muriatic  gas  through  alcohol; 
and,  according  to  Klaproth,  this  kind  of  ether  may,  also,  be  safely 
and  effectually  prepared  by  distilling  equal  parts  of  alcohol  and 
oxymuriate  of  tin.  The  distilled  liquid  is  to  be  rectified  by  a  se- 
cond distillation  with  caustic  potash.  An  improved  mode  of  pre- 
paring this  ether,  and  an  account  of  its  properties,  by  Thenard, 


*  Nicholson's  Journal,  xviii.  144. 
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may  be  found  in  Nicholson's  Journal,  xviii.  177,  or  in  the  Philoso- 
phical Magazine,  xxx.  10 1. 

IV.  Phosfihoric  ether  may  be  obtaincrl,  by  distilling  a  mixture  of 
thick  tenacious  phosphoric  acid  and  alcohol.  The  first  product  is 
a  portion  of  unchanged  alcohol.  After  this,  a  liquid  passes  over, 
which  has  an  etherial  smell,  and  a  specific  gravity  inferior  to  that 
of  alcohol.  It  is  very  volatile,  requires  for  solution  eight  or  ten 
parts  of  water  ;  boils  at  100°  ;  and  burns  with  a  white  flume,  with- 
out leaving  any  trace  of  acid.* 

V.  Fluoric  ether  has  been  obtained  by  distilling,  in  a  leaden  re- 
tort, a  mixture  of  equal  parts  of  fluate  of  lime,  sulphuric  acid,  and 
alcohol.  The  product  of  this  distillation  was  again  distilled  till  one 
half  had  come  over,  to  which  potash  was  added.  This  precipitated 
so  much  silex,  as  to  gelatinate  the  whole  mass,  which,  on  being 
again  distilled,  gave  a  light  etherial  liquid  of  the  specific  gravity 
720.  f 

VI.  Acetic  ether  may  be  formed  by  repeatedly  distilling  concen- 
trated acetic  acid  (procured  from  acetate  of  copper)  with  alcohol, 
and  returning  the  distilled  liquor  to  the  charge  in  the  retort.  The 
ether,  thus  produced,  may  be  freed  from  a  redundance  of  acid,  by 
distillation  with  a  small  quantity  of  potash.  It  is  heavier  than 
other  ethers,  its  specific  gravity  being  .866.  It  is  volatile;  boils 
at  128°,  and  burns  with  a  yellowish  white  flame.  During  combus- 
tion, acetic  acid  is  developed,  though  none  can  be  discovered  in 
the  ether  before. 

This  process  has  been  lately  repeated,  with  considerable  atten- 
tion, by  Mr.  Chenevix.  By  repeatedly  distilling  to  dryness  a  mix- 
ture of  ten  parts  of  alcohol  with  ten  parts  of  acetic  acid,  he  ascer- 
tained that  no  change  in  the  specific  gravity  of  the  product  took 
place  after  the  first  distillation.  Seven  twelfths  of  the  acetic  acid 
were  decomposed.  Dry  carbonate  of  potash,  added  in  sufficient 
quantity  to  absorb  all  the  water,  gave  a  quantity  of  etherial  liquor, 
which  weighed  7.4  parts,  and  had  the  specific  gravity  of  8.62 1. j. 

Sulphuric  ether  will  be  best  employed  to  exhibit  the  properties 
of  this  substance,  which  are  the  following: 

1.  It  is  extremely  light,  having  the  specific  gravity  of  .730,  or, 
according  to  Lovitz,  even  of  .632. 

2.  It  does  not,  like  alcohol,  combine  with  water;  and  when  the 
two  fluids  are  shaken  together,  they  separate  again  on  standing. 
Watcr,  however,  retains  about  one  tenth  its  weight  of  ether. 
By  repeated  agitation  with  water,  ether  is  brought  to  a  high 
degree  of  purity,  and  acquires  the  property  of  dissolving  caout- 
chouc. 

The  process,  as  performed  in  presence  of  Faujas  de  St.  Fond,  by 
Mr.  Winch  of  London,  is  described  by  the  former  as  follows  :  Let 
a  pint  of  good  sulphuric  ether  be  put  into  a  bottle  (or,  in  prefer* 

*  See  Boullay,  Annales  de  Chimie,  lxii.  192. 
j-  Nicholson's  Journal,  viii.  143. 

t  Annales  de  Chimie,  lxix.  45.  See  also  Thenard  on  the  Action  of  Vegeta- 
ble Acids  on  Alcohol,  Mem.  d'Arcueil,  ii.  5.  or  37  Phil.  Mag-  216. 
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ence,  into  the  separator,  plate  i.  fig.  3,)  along  with  two  pints  of 
water ;  agitate  the  two  liquids  repeatedly  together ;  then  let  them 
stand  till  the  ether  has  risen  to  the  surface  ;  and  draw  off  the  wa- 
ter through  the  lower  cock  6,  leaving  the  ether  in  the  vessel.  Re- 
peat this  process  three  or  four  times,  or  till  scarcely  one  third  of 
the  ether  remains ;  and  decant  the  residue  into  a  well-stopped 
phial.  In  this  ether  the  elastic  gum,  cut  into  thin  slips,  soon  be- 
gins to  swell ;  but  its  action  is  slow,  and  about  the  end  of  five  days, 
the  solution  is  completed.  The  method  of  forming  lubes,  See. 
with  this  solution,  is  described  in  the  first  volume  of  Faujas  de 
St.  Fond's  Travels  in  England,  chap.  i. 

3.  Ether  is  extremely  volatile.  A  few  drops,  poured  on  the  hand, 
evaporate  instantly;  and  produce  a  sense  of  great  cold.  By  pour- 
ing a  small  stream  of  ether,  from  a  capillary  tube,  on  a  thermome- 
ter bulb  tilled  with  water,  the  water  is  frozen,  even  in  a  warm  sum- 
mer atmosphere.  Under  the  pressure  of  the  atmosphere,  it  boils 
at  98°  Fahrenheit,  and  in  vacuo  considerably  below  32°.  Two 
ounce  measures,  when  converted  into  gas  at  the  temperature  of 
73J°  Fahrenheit,  fill  the  space  of  a  cubic  foot.*  According  to  Gay 
Lussac,  ether,  of  specific  gravity  0.7365  at  temperature  50°  Fah- 
renheit, produces  a  gas,  the  density  of  which  is  to  that  of  air  as 
2.35  to  1. 

4.  A  mixture  of  sulphuric  and  muriatic  ethers  evaporates  in- 
stantaneously, and  produces  a  degree  of  cold  considerably  below  0 
of  Fahrenheit. 

5.  Ether  assumes  a  solid  form,  by  reducing  its  temperature  to  — 
46°  Fahrenheit. 

6.  Ether  is  converted  into  a  gas,  either  by  raising  its  tempera- 
ture, or  diminishing  the  pressure  of  the  atmosphere  on  its  surface. 
The  experiments  proving  this  have  already  been  described,  chap. 
iii.  sect.  4. 

7.  Ether  does  not  dissolve  the  fixed  alkalis,  but  it  combines  with 
ammonia. 

8.  It  dissolves  essential  oils  and  resins,  and  takes  up  about  a 
twentieth  of  its  weight  of  sulphur,  which  is  deposited  as  the  sulphur 
volatilizes.  Ether  dissolves,  also,  a  small  portion  of  phosphorus, 
and  the  solution,  when  poured  on  the  surface  of  warm  water  in  the 
dark,  emits  a  lambent  blue  flame. 

9.  It  is  highly  inflammable.  This  is  best  shown  by  passing  a 
few  drops  into  a  receiver  furnished  with  a  brass  cap  and  cock,  to 
which  a  small  pipe  is  screwed,  and  inverted  in  water  of  the  tem- 
perature of  100°.  The  receiver  will  be  filled  with  the  gas  of  ether, 
which  may  be  expelled  through  the  pipe  and  set  on  fire.  It  burns 
with  a  beautiful  deep  blue  flame. 

10.  When  ether  is  previously  mixed  with  oxygen  gas,  it  de- 
tonates loudly.  Into  a  strong  two-ounce  phial,  filled  with  oxygen 
gas,  and  wrapped  round  with  a  cloth,  let  fall  a  drop  of  ether.  On 
applying  the  flame  of  a  candle,  a  violent  detonation  will  ensue.  Or 
to  a  portion  of  oxygen  gas,  contained  in  the  detonating  tube,  fig.  28, 

*  Sauss'ire,  jun. 
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pass  up  a  drop  or  two  of  ether.  The  volume  of  the  gas  will  be 
doubled  ;  and,  on  transmitting  an  electric  spark,  a  violent  detona- 
tion will  ensue,  which  will  probably  shatter  the  tube.  In  an  ex- 
periment of  Mr.  Cruickshank,  three  measures  of  oxygen  and  one  of 
etherial  gas  detonated  most  violently,  and  2|  measures  of  carbonic 
acid  gas  were  produced. 

The  following  experiment,  evincing  the  inflammability  of  ether, 
is  described,  by  Mr.  Cruickshank,  in  Nicholson's  Journal,  4to.  v. 
205: 

Fill  a  bottle  of  the  capacity  of  three  or  four  pints,  with  pure  oxy- 
muriatic  acid  gas,  taking  care  to  expel  the  water  as  completely  as 
possible.  Then  throw  into  it  about  a  drachm  or  a  drachm  and  a 
half  of  good  ether,  covering  its  mouth  immediately  with  a  piece  of 
light  wood  or  paper.  In  a  few  seconds  white  vapour  will  be  seen 
moving  circularly  in  the  bottle,  and  this  will  soon  be  followed  by  an 
explosion,  accompanied  with  flame.  At  the  same  time  a  considera- 
ble quantity  of  carbon  will  be  deposited,  and  the  bottle  will  be  found 
to  contain  carbonic  acid  gas. 

The  same  effect  is  produced,  but  more  slowly,  by  alcohol ;  and, 
along  with  the  carbonic  acid  and  carbon,  a  little  ether  is  produced. 

11.  According  to  Mr.  Cruickshank,  the  proportion  of  carbon  to 
hydrogen  is  in  alcohol  as  eight  or  nine  to  one,  and  in  ether  as  five 
to  one.*  Mr.  Saussure,  however,  has  lately  submitted  ether  to 
analysis  with  somewhat  different  results.  By  following  the  same 
processes  as  those  which  have  been  already  described,  and,  also, 
by  the  rapid  combustion  of  ether  with  oxygen  gas,  he  found  that  100 
parts  of  sulphuric  ether,  of  specific  gravity  0.7155  at  68°  Fahren- 
heit, contain 

Carbon 67.98 

Oxygen 17.62 

Hydrogen     ....     14.40 

100 

The  excess  of  hydrogen,  above  what  is  necessary  to  form  water 
with  17.62  parts  of  oxygen,  is  12.07  parts,  which,  when  added  to 
the  carbon  (12.07  -f  67.98)  give  80.05  for  the  defiant  gas  in  100 
parts  of  ether.  The  remainder  19.95  parts  are  water.  Ether, 
therefore,  is  constituted  of  5  atoms  of  olefiant  gas,  and  one  atom 
of  water  ;  or  of  six  atoms  of  hydrogen,  five  of  charcoal,  and  one  of 
oxygen. 

To  understand  the  conversion  of  alcohol  into  olefiant  gas  or 
ether,  it  is  necessary  to  compare  the  proportion  of  their  elements. 

Alcohol  consists  of  100  parts  olefiant  gas  -4-50  water. 
EtKer 10°  parts  ditto  «f  25  water. 

If  then,  to  alcohol,  we  add  a  proportion  of  sulphuric  acid  sufficient 
to  take  away  the  whole  of  the  water,  we  obtain  only  olefiant  gas, 

*  Nicholson's  Journal,  4to  v   205, 
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But  if  we  use  no  more  sulphuric  acid,  than  is  sufficient  to  abstract 
half  the  water  contained  in  alcohol,  we  then  obtain  ether.  It  must 
not,  however,  be  supposed  that,  in  practice,  we  are  ever  able  to 
effect  these  conversions  without  loss  ;  for  a  certain  proportion  of 
the  alcohol  is  decomposed,  by  the  too  energetic  action  of  the  acid, 
into  its  ultimate  elements,  especially  towards  the  close  of  the  pro- 
cess ;  and  beside  etfier  or  defiant  gas  (whichever  it  may  be  our 
object  to  prepare)  we  obtain  sulphurous  and  carbonic  acids,  and  a 
charry  residue.  It  is  nevertheless  true  that  the  sulphuric  acid  is 
efficient  in  the  formation  of  ether,  merely,  by  abstracting  water; 
and  that  nothing,  by  this  process,  is  transferred  from  the  acid  to 
the  alcohol ;  for  if  it  be  stopped  in  time,  the  whole  of  the  acid  may 
be  recovered. 


SECTION  IV. 

Acetous  and  Acetic  Acids. 

These  two  names  were  applied,  by  the  framers  o(  the  new 
chemical  nomenclature,  to  denote  what  were  supposed  to  be  two 
distinct  acids,  common  vinegar  purified  by  distillation  being  termed 
the  acetous,  and  the  highly  concentrated  acid,  formerly  called  radi- 
cal vinegar,  being  denominated  acetic.  To  account  for  the  superior 
strength  of  the  latter,  it  was  supposed  to  hold  in  combination  a  larger 
proportion  of  oxygen  derived  from  the  metallic  oxide,  from  which 
acetous  acid  is  generally  distilled,  when  converted  into  acetic. 
The  experiments  of  Adet  were  the  first  that  threw  doubt  upon  this 
conclusion  ;  and  though  they  appeared  to  be  contradicted  by  the 
subsequent  ones  of  Chaptal  and  Dabit,  yet  they  received  the  fullest 
confirmation  from  the  researches  of  Darracq.  The  last-mentioned 
chemist  succeeded  in  converting  distilled  into  radical  vinegar, 
under  circumstances  where  no  farther  oxygenation  could  possibly 
be  effected,  viz.  by  repeated  distillation  from  dry  muriate  of  lime  ; 
which  can  only  act  by  abstracting  water.  Both  terms,  however, 
may  be  retained  for  the  sake  of  brevity,  the  acetous  acid  denoting 
the  dilute  acid  obtained  by  fermentation ;  and  the  acetic,  the  acid  in 
its  most  dephlegmated  state.* 

Acetous  acid  may  be  procured  by  exposing  to  the  atmosphere, 
at  a  temperature  between  75°  and  90°  of  Fahrenheit,  the  liquor 
which  has  been  obtained,  by  the  vinous  fermentation,  from  malt, 
sugar,  or  other  substances.  The  liquor  soon  becomes  warm;  a 
number  of  ropey  filaments  appear ;  and,  after  several  days,  it 
acquires  an  acid  taste  and  smell.     Little  or  no  gas  is  evolved  ;  but, 

*  As  there  is  in  fact  but  one  acid  of  vinegar,  the  only  name  to  be  appropri- 
ated to  it,  is  the  acetic.  There  is,  therefore,  only  one  class  of  salts,  viz.  acetate. 
The  names  of  acetous  acid  and  of  acetitcs  ought  not  to  be  admitted  into  chemical 
writings.  It  would  certainly  be  much  better  to  call  the  one  above  named  acetous, 
by  the  term  of  diluted  acetic  acid — for  no  error  of  opinion  can  then  occur  as  to 
its  composition  and  nature.     C. 
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on  the  contrary,  an  absorption  of  oxygen  takes  place.  There  is  an 
essential  difference,  therefore,  between  the  vinous  and  acetous  fer- 
mentations. The  latter  requires  the  access  of  air  as  an  indispen- 
sable condition  ;  whereas  the  vinous  fermentation  may  be  performed 
in  close  vessels,  or  at  least  in  vessels  which  only  allow  egress  to 
the  elastic  fluids  that  are  produced. 

Common  vinegar  may  be  purified,  by  submitting  it  to  distilla- 
tion in  a  glass  retort.  The  best  malt  vinegar,  unadulterated  by 
sulphuric  acid  or  colouring,  has  a  specific  gravity  of  1.0204. 
When  distilled,  the  first  eighth  part  is  of  sp.  gr.  0.99712,  and  con- 
tains so  much  acid,  that  a  fluid  ounce  dissolves  from  4.5  to  5  grains 
of  precipitated  carbonate  of  lime.  The  subsequent  six  eighths  are 
of  the  sp.  gr.  1.0023,  and  a  fluid  ounce  decomposes  8.12  grains  of 
carbonate  of  lime.  A  similar  quantity,  of  sp.  gr.  1.007,  decomposes 
from  15  to  16  grains  of  precipitated  carbonate  of  lime,  or  13.8 
grains  of  marble.*  By  distillation,  vinegar  can  only  be  imperfectly 
purified.  The  distilied  liquor  always  contains  an  extractive  matter, 
which  Darracq  considers  as  mucilage ;  and,  also,  as  Mr.  Chcnevix 
has  shown,  a  small  portion  of  alcohol.  The  extractive  matter,  it 
has  been  found  by  the  latter  chemist,  cannot  be  removed  by  repeat- 
ed distillations.  In  French  vinegar,  he  discovered  a  larger  pro- 
portion both  of  acid  and  alcohol,  with  less  mucilage,  than  in  the 
vinegar  of  this  country.  From  four  pints  of  distilled  French  vine- 
gar, he  obtained  nearly  an  ounce  measure  of  ardent  spirit. 

Acetous  acid  is  prepared,  also,  in  very  considerable  quantity  by 
the  distillation  of  wood.  The  wood  is  inclosed  in  iron  cylinders  or 
retorts,  which  are  exposed  to  a  red  heat.  An  immense  quantity  of 
inflammable  gas  is  produced;  and  a  liquid  is  condensed,  which 
consists  of  acetous  acid  holding  in  solution  a  quantity  of  tar 
and  of  essential  oil.  These  impurities  it  is  scarcely  possible  to 
remove  entirely  ;  so  that  the  acid,  thus  prepared,  can  be  applied 
only  to  the  manufacture  of  solutions  for  the  dyer  and  calico-printer, 
to  whom  its  disagreeable  smell  is  not  objectionable. 

A  new  process,  lor  the  decoloration  of  all  kinds  of  vinegar,  has 
been  lately  proposed  by  Figuer.  The  agent  he  employs  is  animal 
charcoal,  which  may  be  prepared  by  calcining  the  most  compact 
beef  or  mutton  bones  in  a  crucible,  to  which  a  cover  must  be  luted, 
having  a  small  aperture,  to  allow  the  escape  of  the  gases,  and  of 
the  other  volatile  substances.  Towards  the  close  of  the  calcina- 
tion, when  no  more  flame  issues,  this  aperture  must  be  closed,  and 
the  heat  raised  for  half  an  hour.  To  a  wine  quart  of  cold  vinegar, 
an  ounce  and  half  of  this  charcoal,  finely  powdered,  is  to  be  added, 
and  occasionally  stirred.  In  24  hours,  the  vinegar  begins  to  lose  its 
colour,  and,  in  three  or  four  days,  is  entirely  deprived  of  it.  It  is 
then  to  be  filtered  through  paper,  and  it  will  be  found  (if  the  char- 
coal has  been  well  prepared)  to  retain  its  acidity,  without  having 
acquired  any  unpleasant  flavour.  By  reducing  the  quantity  of 
charcoal  to  one  half,  the  change  is  still  effected,  but  more   slowly. 

Acetous  acid  unites  with  alkalis,  earths,  and  metallic  oxides. 

■  Phillips  on  the  London  Pharm.  p.  7 
3  T 
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When  potash,  saturated  with  this  acid,  is  evaporated  to  dryness, 
the  salt  assumes  a  black  colour.  On  being  redissolvcd,  however, 
and  again  evaporated,  the  salt  is  obtained  white,  and,  when  lustd 
and  suffered  to  cool,  affords  the  acetate  of  potash. 

This  salt  strongly  attracts  moisture  from  the  air,  and  is  very  so- 
luble  in  water.  When  exposed  to  a  pretty  strong  heat  it  is  de- 
composed ;  carbonic  acid  and  cat  buretted  hydrogen  gases  come 
over;  and,  in  the  retort  there  remains  a  mixture  of  carbon  with 
carbonate  of  potash. 

When  this  salt  is  distilled,  with  half  its  weight  of  sulphuric  acid, 
the  vegetable  acid  is  expelled  in  a  very  concentrated  form,  mixed 
with  sulphurous  acid.  Digestion  with  a  small  portion  of  manga- 
nese, and  subsequent  distillation,  affords  it  pure.  It  may  be  ob- 
tained, also,  by  distilling  equal  parts  of  acetate  of  lead  and  sul- 
phate of  copper.     Or 

The  crystallized  acetate  of  copper,  contained  in  a  glass  retort, 
which  may  be  nearly  filled  with  the  salt,  may  be  submitted  to  dis- 
tillation in  a  sand-heat.  The  acid  that  comes  over  has  a  green  co- 
lour, and  requires  to  be  rectified  by  a  second  distillation.  Its  spe- 
cific gravity  then  varies  from  1056  to  1080.  If  the  products  be  re- 
served in  separate  portions,  it  has  been  observed  by  M.  M.  De- 
rosne,*  that  those  which  are  obtained  towards  the  close,  though 
specifically  lighter  than  the  earlier  ones,  are  still  more  powerfully 
acid,  assuming,  as  the  test  of  their  strength,  the  quantity  of  alkali 
which  they  are  capable  of  saturating.  The  last  products,  it  was 
found  also,  when  submitted  to  distillation,  yield  a  liquid  which  has 
even  less  specific  gravity  than  water.  This  liquid  may  be  obtain- 
ed, in  a  still  more  perfect  state,  by  saturating  the  latter  portions  of 
acetic  acid  with  caustic  and  solid  potash  ;  the  acetate  of  potash 
precipitates;  and  a  fluid  swims  above  it,  which  may  be  rectified 
by  distillation  at  a  gentle  heat.  It  is  perfectly  limpid ;  has  a  pene- 
trating taste;  is  lighter  than  alcohol;  evaporates  rapidly  with  the 
production  of  cold  when  poured  upon  the  hand  ;  and  is  highly  in- 
flammable. It  does  not  redden  litmus.  Excepting  that  it  is  mis- 
cible,  in  any  proportion,  with  water,  it  has  all  the  qualities  of  ether, 
and  like  that  fluid  has  the  power  of  decomposing  the  nitro-muriate 
of  gold.  M.  M.  D^rosne  have  proposed  for  it  the  name  of  fiyro' 
acetic  ether.  Its  production,  they  observe,  is  confined  to  the  latter 
stages  in  the  distillation  of  acetate  of  copper,  and  is  owing,  they 
suppose,  not  to  any  modification  of  alcohol,  but  to  changes  in  the 
arrangement  of  the  elements  of  the  salt. 

These  observations  are  confirmed  by  the  subsequent  ones  of  M. 
Mollerat-t  Examining  two  portions  of  acetic  acid,  which  had  pre- 
cisely the  same  specific  gravity  (viz.  1063),  he  found  that  the  one 
contained  87  per  cent,  of  real  acid,  and  the  other  only  41.  The 
first  he  is  disposed  to  consider  as  the  strongest  acetic  acid  that  can 
be  procured.  It  may  be  distilled  at  a  very  moderate  heat  with  great 
rapidity,  and  without  entering  into  ebullition.     To  this  acid,  having 

*  Annales  de  Chimie,  Ixiii.  267. 

f  Annales  de  Chimie,  Ixviii.  88:  or  Nicholson's  Journal,  xxv.  155 
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the  specific  gravity  1063  (and  of  which  100  grains  required  for  sa- 
turation 250  of  sub-carbonate  of  soda),  he  gradually  added  water, 
and  found,  though  water  is  lighter  than  the  acid,  yet  that  the  den- 
sity of  the  mixture  increased  till  it  became  1079.  From  this  point, 
the  additions  of  water  occasioned  a  regular  diminution  of  specific 
gravity.  Mr.  Cnenevix  has  since  observed  the  same  anomaly,  in 
the  acid  produced  from  acetate  of  silver. 

Acetic  acid,  thus  prepared,  has  several  remarkable  properties, 
lis  smell  is  extremely  pungent,  and  it  raises  a  blister  when  applied 
to  the  skin  for  a  sufficient  length  of  time.  When  heated  in  a  silver 
spoon  over  a  lamp,  its  vapour  may  be  set  on  fire.  At  the  tempera- 
ture of  about  38°  Fahrenheit  it  becomes  solid,  and  shoots  into  beau- 
tiful crystals,  which  again  liquefy  at  40°.  It  appears  not  to  be  easily 
destructible  by  heat ;  for  Mr.  Chenevix  transmitted  it  five  times 
through  a  red-hot  porcelain  tube,  with  the  effect  of  only  a  partial 
decomposition. 

Gay  Lussac  and  Thenard,  and  Berzelius  have  recently  analyzed 
acetic  acid  ;  the  two  first  by  the  combustion  of  acetate  of  barytes, 
of  known  composition,  with  hyper-oxymuriate  of  potash.  Their 
results  are  as  follow.  One  hundred  grains  of  acetic  acid  con- 
sist of 


According  to  Cay  Lussac 
Berzelius    . 

The  proportions  obtained  by  Gay  Lussac  and  Thenard  may  be 
stated  also  as  follows  : 

Carbon 50.224 

Oxygen  and  hydrogen  in  the)  ..... 

same  proportions  as  in  water  5 
Excess  of  oxygen      ....       2.865 

100. 

The  acetic  acid  enters,  like  vinegar,  into  combination  with  alka- 
lis, earths,  and  metallic  oxides. 

The  acetate  of  potash,  formed  with  this  acid,  is  perfectly 
white;  and  does  not,  when  liquefied  by  heat,  become  blackened 
by  the  separation  of  charcoal,  like  that  afforded  by  common  vine- 
gar. It  is  deliquescent,  and  soluble  in  about  its  own  weight  of  cold 
water ;  and  in  twice  its  weight  of  boiling  alcohol.  By  distillation 
fur  se,  its  acid  is  decomposed  and  resolved  into  pyro  acetic  ether, 
carbonic  acid,  and  carburetted  hydrogen  gases. 

Acetate  of  soda  is  crystallizable ;  does  not  deliquesce  in  the 
air  :  dissolves  in  less  than  its  own  weight  at  cold  water,  or  in  twice 
its  weight  of  boiling  alcohol;  and  gives,  by  destructive  distillation, 
similar  products  to  the  acetate  of  potash.  Berzefiutftfountl  It  to 
consist  of 


Carbon. 

Oxygen. 

Hydrogen 

50.224  . 

.   .   44.147   . 

.   .  5.629 

46.8 

.   .   46  9 

.   .  6.3 
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ACETIC 

Acetic  acid 
Soda       .     . 
Water 

ACID 

36.95 
22.94 
40.11 

100 

Or  exclusively  of  water, 


Acid     ....     61.689     .      100 
Soda     .     .     .     •     38.311      .       62.1 


100. 

Acetate  of  ammonia  derives  its  only  importance  from  having 
been  lon^  emp  .  orm  in  medicine,  under  the  name 

of  Spirit  of  Minder er us.      Fhe  solution  does   not  y  'Is  by 

evaporation,  but  alioids  a  deliqiiosctiu  mass  ,   -Ali- 

ble in  water  and  in  alcohol  ;  and,  in  its  solid  .o  jzed  at 

250°  Fahrenheit. 

Acetate  of  lime  may  be  made,  by  careful  evapora  crys- 

tallize in  the  form  of  small  silky  needles.  It  is  permam  in  the 
air,  and  very  soluble  both  in  water  and  alcohol.  Accoidn.g  to 
Berzclius,  it  is  composed  of 

Acid     .     .     64.218     .     .   100 
Lime     .     .     35.782     .     .     55.74 


100. 

Acetate  of  bauytes  is  a  crystallizable  salt,,  which  does  net 
grow  moist,  but  rather  loses  a  portion  of  its  water,  by  exposure  to 
the  air.  It  requires  for  solution  about  twelve  parts  of  cold,  and  not 
quite  two  parts  of  boiling  water.  Alcohol  dissolves  only  a  very 
small  proportion.  By  distillation  fier  se  Mr.  Clicnevix  finds  that  it 
gives  pure  pyro-acetic  ether,  of  the  specific  gravity,  0.845,  coloured 
by  a  little  empyreumatic  oil.  Gay  Lussac  and  Thcnard  states  its 
composition  to  be 

Acid     .     .     43.17 
Base     .     .     56.83 


100. 

Acetate  of  strontites  is  more  soluble  than  the  last  mention- 
ed acetate,  requiring  only  about  twice  its  weight  of  cold  water  for 
solution.     Its  properties  have  not  been  fully  investigated. 

Acetate  of  magnesia  cannot  be.  obtained  in  crystals,  but  only 
in  the  state  of  a  thick  viscid  mass,  which  is  extremely  deliquescent, 
and  soluble  both  in  water  and  alcohol. 
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Acetate  of  alumine  is  generally  formed,  by  double  decompo- 
sition, hom  the  mixed  solutions  of  acetate  of  lead  or  lime  and  sul- 
phate of  alumine.  It  is  a  compound  of  considerable  importance 
from  its  use  in  dyeing  and  calico-printing.  When  applied,  how- 
ever, to  these  purposes,  it  contains  always  a  quantity  of  common 
alum,  and  the  properties  of  the  pure  combination  of  alumine  with 
acetous  acid  are  but  imperfectly  known,  (iay  Lussac,*  however, 
has  found  that  it  has  the  remarkable  quality  of  being  decomposed 
by  heat,  and  of  depositing  alumine,  which  it  redissolves  on  cooling. 
The  effect  takes  place,  even  in  vessels  hermetically  sealed,  and 
when  the  solution  has  an  excess  of  acid.  It  appears  to  bear  some 
analogy  to  the  coagulation  of  animal  albumen. 

The  metallic  acetates  have  been,  (or  the  most  part,  already 
described  in  the  history  of  the  individual  metais.  To  our  know- 
ledge of  this  class  of  salts,  some  valuable  additions  have  lately  been 
made  by  a  memoir  of  Mr.  Chcnevix.t  By  distilling  fier  se  the  dif- 
ferent metallic  acetates,  that  excellent  chemist  found  that  the  salts 
with  bases  of  lead,  zinc,  and  manganese,  yield  a  liquid  lighter  con- 
siderably than  water,  but  heavier  than  alcohol,  and  containing  only 
a  very  small  proportion  of  acid.  This  degree  of  levity  is  owing  to 
the  presence  of  the  peculiar  fluid,  which  Dcrosne  has  termed  pyro- 
acetic  ether,  but  to  which  Mr.  Chenevix  is  of  opinion,  the  less  de- 
finite name  of  pyro-acetic  spirit  will  be  bette"  adapted,  till  we  obtain 
a  more  accurate  knowledge  of  its  nature  and  properties. 

Of  all  the  metallic  acetates,  that  of  silver  gave  a  product  of  the 
greatest  specific  gravity,  and  of  greatest  power  in  neutralizing  al- 
kalis. In  this  respect,  it  exceeded,  by  about  one  fifth ,  an  equal 
weight  of  the  acid  distilled  from  copper.  It  contained,  however,  none 
of  the  pyro-acetic  spirit  discovered  in  the  acid  from  copper.  The  re- 
siduum in  the  retort  contained,  in  every  case,  a  proportion  of  char- 
coal. When  the  acetates  of  silver,  nickel,  copper,  or  lead  were 
distiiled,  the  metal  was  found  in  a  metallic  state  ;  but  zinc  and  man- 
ganese were  left  in  the  state  of  oxides. 

The  pyro-acetic  spirit,  obtained  from  the  acetate  of  lead,  Mr. 
Chenevix  describes  as  perfectly  limpid  and  colourless.  It  has  a 
taste,  which  at  first  is  sharp  and"  burning,  but  afterwards  becomes 
cool  and  somewhat  resinous.  Its  smell  resembles  that  of  volatile 
oils,  but  it  is  not  easy  to  say  of  which  particular  one.  Its  specific 
gravity,  when  rectified  by  muriate  of  lime,  is  0.864.  It  is  very 
combustible,  and  leaves  no  sensible  residue.  Its  boiling  point  is 
138°  Fahrenheit.  It  is  miscible  in  all  proportions,  with  water,  with 
alcohol,  and  with  all  the  volatile  oils,  and,  at  a  temperature  consi- 
derably below  its  boiling  point,  with  the  fixed  oils.  When  heated 
it  dissolves  sulphur  and  wax. 


*  74  Ann.  de  Chim.  93. 

1  Annates  ue  Chimie,  hix  ;  or  Nicholson's  Journal,  xxvj 
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CHAPTER  XfUI. 


ANIMAL   SUBSTANCES, 


THE  products  of  vegetable    and   of  animal   life,  though    they 
agree  frequently  in  external  characters,  and  even  in  some  of  their 
chemical  relations,  present  several   circumstances   of   distinction, 
which,  in  general,  sufficiently  discriminate  the  two  classes.    Ani- 
mal substances  are   the   rebults  of  still   more  delicate    processes, 
and  of  a  more  refined  organization  ;  and  the  balance  of  affinities,  by 
which  they  exist,  is  disturbed  by  still  slighter  causes.  To  ihc  three 
great  components  of  vegetable  matter  (oxygen,  hydrogen,  and  car- 
bon) a  fourth  is,  in  animal  substances,  added,  and  constitutes  a  large 
proportion  of  their  structure.  To  the  nitrogen,  which  they  contain, 
are  owing  some  of  the  most  important  qualities,  that  distinguish 
this  class  of  compounds.  Hence  it  is,  that  instead  of  passing  through 
the  vinous  or  acetous  fermentations,  they  are  peculiarly  prone  to  un- 
dergo putrefaction  ;  and  that,  during  this  change, tlvey  yield,  among 
other  products,  both  nitrogen  gas  and  ammonia.     When  exposed  to 
a  high  temperature,  ammonia  is,   also,  generated,  in   great  abun- 
dance, by  their  decomposition  ;  little   or  no  acetic  acid  is  produc- 
ed ;  and  the  coal,   which  remains,   differs  from  vegetable  charcoal, 
in  being  much  less  combustible.     This  general  description,  how- 
ever, though  it  applies  to  most  individuals  of  the  animal  kingdom, 
"is  not  strictly  true  with  respect  to  all.     Animal  jelly,  for  example, 
is  rendered  sour  by  spontaneous  decomposition.     A  few   vegetable 
substances,  it  may  also   be   added,   gluten   for  instance,  become  at 
once  putrid;  and  furnish  ammonia  when  decomposed  by  heat. 

In  the  analysis  of  animal  substances,  less  precision  had  till  lately 
been  attained,  than  in  that  of  mineral  and  vegetable  products.  It 
inay  be  considered  as  of  two  different  kinds.  By  the  first  we  ob- 
tain the  proximate  principles  of  animal  matter  or  certain  com- 
pounds which,  we  may  presume,  are  separated  by  the  simple  pro- 
cesses used  for  their  extraction,  in  a  state  identical  with  that,  in 
which  they  exist  in  the  mineral  structure.  Thus  by  the  long  con- 
tinued action  of  hot  water  on  bones,  we  form  a  solution,  which  se- 
parates spontaneously  into  two  distinct  substances,  {at  and  gelatine; 
while  the  earthy  ingredients  remain  undissolved.  The  substances, 
thus  obtained,  are  not  vecy  numerous ;  and  to  distinguish  them 
from  more  complicated  products  they  may  be  called  primary  animal 
compounds.  But,  by  spontaneous  decomposition,  or  by  the  agency  of 
heat,  we  give  origin  to  a  set  of  bodies  which  had  no  existence  in 
the  subject  of  experiment,  the  ultimate  elements  of  which  are  thus 
disunited,  and  are  recombined  in  a  new  manner.  Bones,  for  ex- 
ample, though  they  contain  no  volatile  alkali,  are  yet  composed,  in 
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part  of  its  elements  (nitrogen  and  hydrogen),  which,  at  a  high  tem- 
perature, unite  and  generate  ammonia. 

The  method  of  analysis,  so  successfully  applied,  by  Gay  Lussac 
and  Thenard,  to  the  products  of  the  vegetable  kingdom,  has  been 
extended,  also,  to  animal  substances;  and,  in  the  history  of  each, 
the  proportion  of  its  ultimate  elements  will  be  stated,  chiefly  on 
their  authority.  Animal  substances,  they  observe,  contain  much 
more  carbon  than  those  derived  from  the  vegetable  world ;  in  all 
of  them,  the  hydrogen  is  in  excess  with  relation  to  their  oxygen  ; 
and  lastly,  the  greater  this  excess,  the  more  azote  they  contain.  It 
is  remarkable,  moreover,  that  this  azote,  and  the  excess  of  hydro- 
gen, are  very  nearly  in  the  proportions  required  to  constitute  am- 
monia. 

Animal  matters,  then,  such  as  fibrin,  albumen,  gelatine,  Sec.  are 
composed  of  charcoal ;  of  hydrogen  and  oxygen,  in  the  proportions 
required  to  form  water;  and  of  hydrogen  and  azote,  in  the  propor- 
tions necessary  to  constitute  ammonia.  They  hold,  therefore, 
among  animal  matters,  the  same  rank  that  sugar,  gum,  lignin,  &c. 
possess  among  vegetable  substances.  The  animal  acids,  again, 
consist,  probably,  of  carbon,  oxygen,  hydrogen,  and  azote,  in  such 
proportions,  that  the  oxygen  and  azote  are  in  excess  relatively  to 
the  hydrogen.  And  the  animal  oils,  on  the  other  hand,  will  in  all 
probability  be  shown  to  contain  more  hydrogen,  than  is  sufficient 
to  convert  their  oxygen  into  water,  and  their  azote  into  ammonia. 
Thus  animal  substances  will  be  divided,  like  vegetable  ones,  into 
three  great  classes,  relatively  to  the  quantities  of  hydrogen,  oxygen, 
and  azote,  which  they  contain. 

The  primary  animal  compounds  are  not  very  numerous  ;  the  fol- 
lowing list  comprehending,  perhaps,  the  whole  of  those  which  are 
sufficiently  well  characterized. 

1.  Gelatine.  6.  Resin, 

x      2.  Albumen.  7.  Sugar. 

3.  Mucus.  8.  Oil. 

4.  Fibrin.  9.  Acids. 

5.  Urea. 


SECTION  I. 

minimal  Jelly,  or  Gelatine. 

Animal  jelly  is  an  abundant  ingredient  not  only  of  the  fluids  of 
the  body,  but  of  the  hard  and  solid  parts.  Berzelius,  indeed,  in  his 
View  of  Animal  Chemistry,  p.  50,  considers  gelatine  as  a  firoduct 
of  the  operation  of  boiling ;  and  denies  its  existence  in  any  one 
fluid  of  the  body.  This  opinion,  however,  requires  further  evi- 
dence in  its  favour.  By  long  continued  boiling  it  may  be  extracted 
from  the  skin,  membranes,  ligaments,  cartilages,  and  even  from 
the  bones.    The  solution,  on  cooling,  forms  a   tremulent  and  im- 
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perfectly  cohering  mass,  well  known  by  the  name  of  jelly  ;  and,  if 
the  watery  part  of  this  mass  "ue  dissipated  by  a  very  gentle  heat, 
we  obtain  a  hard  semi-transparent  substance,  which  breaks  with  a 
glassy  fracture,  and,  according  to  the  source  from  which  it  has 
been  obtained,  has  the  names  of  isinglass,  glue,  portable  soup,  &c. ; 
all  of  which  are  varieties  of  animal  gelatine.  Isinglass,  however, 
as  the  purest  form  under  which  gelatine  commonly  occurs,  will  be 
best  employed  for  the  exhibition  of  its  chemical  properties. 

1.  Dry  gelatine,  when  immersed  in  water,  gradually  absorbs  it, 
swells  considerably,  and  becomes  soft  and  elastic.  At  common 
temperatures,  however,  it  is  not  dissolved  ;  all  that  is  thus  effected 
being  the  absorption  of  a  quantity  of  water,  which  it  loses  again  by 
a  gentle  heat.  But  in  hot  water  it  dissolves  slowly,  yet  complete- 
ly ;  and  affords  a  liquid  which  again  gelatinates  on  cooling.  These 
alternate  solutions  and  desiccations  may  be  repeated  for  any  num- 
ber of  times,  without  occasioning  any  change  in  the  chemical  pro- 
perties of  the  gelatine,  which  is  submitted  to  them. 

The  proportion,  in  which  gelatine  forms  a  solution  capable  of 
concreting  by  cooling,  has  been  determined  by  Dr.  Bostock.*  One 
part  of  dry  gelatine  to  100  parts  of  water  gave  a  solution,  that  com- 
pletely stiffened  by  cooling  ;  but  one  part  of  gelatine  to  150  parts 
of  water  produced  a  compound,  which,  though  evidently  gelatinous, 
did  not  assume  the  concrete  form. 

2.  Gelatine  in  a  solid  state  seems  to  be  absolutely  indestructible 
when  kept  in  a  dry  place  ;  but,  when  in  the  form  of  solution  or  of 
jelly,  it  is  generally  said  to  become  first  sour,  and  afterwards  pu- 
trid. The  production  of  acid,  however,  Dr.  Bostock  informs  me,  he 
is  disposed  to  question. 

3.  Gelatine  is  insoluble  in  alcohol,  but  it  is  not  precipitated,  by 
that  fluid,  from  its  watery  solution. 

4.  It  readily  dissolves  in  most  of  the  acids.  Isinglass,  dissolved 
in  common  vinegar  by  the  assistance  of  a  gentle  heat,  forms  a  very 
useful  and  adhesive  cement.  Nitric  acid,  even  when  cold  and  very 
dilute,  is  a  powerful  solvent  of  gelatine.  When  the  solution  is  eva- 
porated, the  acid  and  gelatine  re-act  upon  each  other  ;  nitrous  gas 
is  disengaged ;  and,  if  the  concentration  be  not  carried  too  far, 
oxalic  and  malic  acids  are  obtained  from  the  residuum.  Muriatic 
acid  dissolves  gelatine,  and  retains  it  unchanged  in  solution.  If 
oxymuriatic  acid  be  passed  through  a  solution  of  gelatine,  white 
filaments  appear,  which,  when  collected,  are  found  to  be  very  flexi- 
ble and  elastic.  They  consist  of  gelatine,  very  little  altered,  and 
united  with  muriatic  acid  and  oxymuriatic  acid.  They  are  insipid  ; 
insoluble  in  water  and  in  alcohol ;  not  putrescible ;  and  exert  a  fee- 
ble action  on  blue  vegetable  colours,  although  they  contain  a  large 
proportion  of  acid.  Exposed  to  the  air  during  some  days,  they 
emit  oxymuriatic  acid  at  common  temperatures  ;  and  still  more 
abundantly  when  heated.  In  alkaline  solutions  they  disappear,  and 
muriatic  salts  are  formed. t 

*  Nicholson's  .Journal,  xi  and  xiv. 
|  TLenard,  Memoires  d'Arcueil,  ii. 
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5.  Gelatine  is  soluble  in  pure  liquid  alkalis.  The  solution  is  a 
brownish  viscid  substance,  which  has  none  of  the  characters  of 
soap,*  and  is  not  precipitated  by  acids.  This  is  a  property  which 
distinguishes  gelatine  from  albumen,  fibrin,  and  other  animal  pro- 
ducts ;  and  which  points  out  a  method  of  separating  it  from  them 
in  analysis.  Owing  to  the  solvent  power  of  alkalis,  they  do  not 
occasion  any  precipitation  in  acid  solutions  of  gelatine;  but  when 
added  in  excess,  dissolve  it. 

6.  Several  of  the  metallic  salts  and  oxides  have  the  property  of 
precipitating  gelatine  ;  but  not  so  unequivocally,  as  to  be  good 
tests  of  its  presence.  Goulard's  extract  of  lead  (prepared  by  boil- 
ing litharge  in  distilled  vinegar)  effects  no  change  in  a  solution  of 
gelatine.  The  same  may  be  said  of  corrosive  muriate  of  mer- 
cury. Nitrate  of  silver  and  nitro-muriate  of  tin  produce  a  slight, 
and  almost  imperceptible  opacity.  The  addition  of  nitro-muriate 
of  gold  causes  a  small  quantity  of  a  dense  precipitate,  from  a  solu- 
tion containing  -^th  of  gelatine,  but  not  from  more  dilute  solutions. 

7.  One  of  the  most  active  precipitants  of  jelly  is  tan ;  and  Dr. 
Bostock  finds  the  extract  of  rhatania,  digested  in  hot  water,  and 
filtered  after  it  becomes  cold,  to  be  a  convenient  form  for  keeping 
that  lest.  When  the  proportion  of  gelatine  to  water  is  so  small,  as 
to  compose  only  -juVo1'1  Parl  °f  tne  solution,  a  considerable  precipi- 
tate is  produced  by  an  infusion  of  galls  (prepared  by  macerating  an 
ounce  of  galls  in  a  pint  of  water.)  The  stronger  the  solution  of 
jelly,  the  more  copious  is  the  precipitate  ;  till  at  length,  when  the 
gelatine  is  in  large  proportion,  a  dense  coagulum  is  formed,  which, 
after  being  dried  in  the  open  air,  becomes  a  hard  substance  with  a 
vitreous  fracture.  This  compound  appears  to  be  equally  formed, 
when  animal  solids,  composed  chiefly  of  gelatine,  are  immersed  in 
solutions  of  tan  ;  as  when  the  skins  of  animals,  for  instance,  are 
steeped  in  an  infusion  of  oak  bark.  It  is  perfectly  insoluble  in  wa- 
ter, and  incapable  of  putrefying  ;  and  it  constitutes  the  preservative 
part  of  tanned  leather,  to  which  it  imparts  the  property  of  resist- 
ing the  transmission  of  moisture.f  The  operation  of  tanning,  con- 
sists essentially  in  the  attraction  of  tan,  from  liquors  which  contain 
it,  by  the  gelatine  of  the  skins. 

It  would  have  been  an  important  step  towards  the  accuracy  of 
the  analysis  of  animal  substances,  if  we  could  have  ascertained  the 
quantity  of  gelatine  in  any  fluid,  by  precipitating  it  with  tan.  But 
to  this  there  are  two  obstacles.  Tan  acts,  also,  on  other  animal 
fluids;  upon  albumen  for  instance.  It  appears,  also,  that  into  the 
precipitate  of  tan  and  jelly,  these  substances  do  not  enter  in  abso- 
lutely fixed  proportions.  In  general,  however,  Dr.  Bostock  has 
been  led  to  conclude  that  the  compound,  formed  by  the  union  of 
jelly  and  tan,  consists  of  somewhat  less  than  two  parts  of  tan  to 
three  of  gelatine.  And  as  we  always  have  it  in  our  power  to  as- 
certain what  quantity  of  tan  is  employed  in  precipitating  any  solu- 

*  Hatchctt,  Philosophical  Transactions,  1800. 

f  This  is  the  substance  which,  in  its  soft  state,  I  have  before  suggested  as  pro. 
per  for  the  formation  of  bougies,  catheters,  &c.    C. 

3  u 
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tion  of  jelly,  we  may,  by  an  easy  calculation,  approximate  the  quan- 
tity of  jelly,  contained  in  the  fluid  we  arc  examining. 

8.  Gelatine  has  been  analyzed  by  Gay  Lussac  and  Thenard,  who 
employed  the  oxymuriate  of  potash  for  its  decomposition.  One 
hundred  parts  were  found  to  contain 

Carbon 47.881 

Oxygen 27.207 

Hydrogen        t         .         .         .7.914 
Azote 16.998 


100 

In  this  analysis,  there  are  4.204  parts  of  hydrogen,  beside  what 
is  sufficient  to  saturate  the  oxygen. 

We  are  not  acquainted  with  those  circumstances,  that  occasion 
the  differences  in  the  several  kinds  of  animal  gelatine.  Some  valu- 
able remarks  on  them  may  be  found  in  Mr.  Hatchett's  "  Observa- 
tions on  the  component  parts  of  Animal  Membrane."* 


SECTION  II. 

rflbumcn. 

With  the  exception  of  gelatine,  no  fluid  appears  to  enter  so 
largely  into  the  composition  of  animal  substances,  as  albumen.  It 
forms  a  large  proportion  of  the  blood  and  of  various  secretions  ;  and 
appears  to  be  the  chief  basis  of  several  of  the  solids  ;  viz.  of  the  thin 
membrane  which  constitutes  the  cellular  texture,  as  well  as  of  the 
skin,  glands,  and  vessels  that  convey  the  fluids. 

The  white  of  an  egg,  though  not  composed  of  absolutely  pure 
albumen,  contains  it  sufficiently  so  far  for  the  exhibition  of  its  pro- 
perties.    These  will  be  found  to  be  the  following  : 

1.  By  agitation  with  water,  the  two  fluids  unite,  and  form  a  vis- 
cid liquid,  the  component  parts  of  which  do  not  separate  by  stand- 
ing. This  solution  gives  a  green  tinge  to  vegetable  blue  colours ; 
a  proof  of  the  presence  of  uncombined  alkali. 

2.  At  the  temperature  of  160°  Fahrenheit,  undiluted  albumen 
becomes  solid,  a  change  which  is  called  its  coagulation.  When 
the  solid  mass  is  cut  into  slices,  and  suffered  to  remain  for  some 
hours,  a  few  drops  of  a  brownish  viscid  fluid  ooze  out,  amounting 
to  about  4^  grains  from  100  of  the  original  albumen  submitted  to 
experiment.  By  a  long  continued  gentle  heat,  the  coagulated  sub- 
stance itself  loses  at  least  four-fifths  of  its  weight;  and  the  solid 
matter  is  left  behind,  in  the  form  of  a  hard  brittle  transparent  sub- 
stance. Hence  it  will  follow,  that  100  grains  of  the  white  of  egg 
consist  of  80  grains  of  water,  4£  uncoagulable  matter,  and  only  15i 

*  Philosophical  Transactions,  1800, 
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of  pure  albumen.  At  a  temperature  below  that  required  for  its 
coagulation,  Dr.  Bostock  finds  that  it  may  be  dried,  and  redissolved 
in  water.* 

Coagulation  by  heat  is  the  distinguishing  character  of  albumen, 
and  affords  an  easy  and  obvious  test  of  its  presence ;  even  when  it 
forms  a  very  minute  proportion  of  certain  fluids.  By  adding  it,  in 
gradually  diminished  quantity,  to  water,  Dr.  Bostock  found  that  a 
solution,  containing  only  T&^  its  weight  of  albumen,  was  rendered 
perceptibly  opake  by  a  boiling  temperature.  For  all  practical  pur- 
poses, therefore,  this  may  be  considered  as  a  sufficiently  accurate 
test  of  its  presence  in  any  fluid. 

The  .uncoagulated  part  of  the  white  of  egg,  Dr.  Bostock  ascer- 
tained, was  not  affected  by  muriate  of  mercury,  or  by  infusion  of 
galls ;  but  was  copiously  precipitated  by  Goulard  s  extract  of  lead. 
He  considers  it  as  a  peculiar  fluid  to  which  he  has  given  the  name 
of  mucus.  Dr.  Marcet,  who  finds  it  to  be  an  ingredient  of  several 
morbid  fluids,  has  proposed  to  call  it  muco-extr active  matter. \ 

Albumen,  which  has  been  coagulated  by  heat,  though  perfectly  in- 
soluble in  water,  unless  by  tong  boiling  aided  by  a  Papin's  digester, 
appears  to  have  undergone  no  change  in  its  chemical  constitution. 
During  coagulation,  there  is  no  absorption  of  oxygen;  no  gas  is 
extricated  ;  and  hence  there  appears  to  be  no  re-action  of  the  prin- 
ciples of  the  compound  on  each  ot^er.  The  coagulum  is  taken  up 
by  dilute  liquid  alkalis  with  a  disengagement  of  ammonia.  From 
this  combination  it  is  precipitated,  Unchanged,  by  acids.:}:  By  long 
boiling  in  water,  however,  though  no  apparent  solution  takes  place, 
Mr.  Brande  obtained,  from  coagulated  albumen,  a  fluid  which  had 
alkaline  properties  ;  and  which  gave,  after  evaporation,  a  viscid 
substance  soluble  in  water.  This  fluid  he,  apprehends  to  be  a  dilute 
solution  of  albumen  in  alkali.§ 

3.  Albumen  is  coagulated  by  alcohol,  and  by  acids.  The  coagu- 
lum, formed  by  the  latter,  always  retains  in  combination,  according 
to  Thcnard,  a  portion  of  the  acid  which  has  been  employed.  That 
produced  by  nitric  acid  is  least  soluble  ;  and  hence  nitric  acid  occa- 
sions a  precipitate  from  solutions  of  albumen,  which  are  so  dilute 
as  not  to  be  affected  by  other  acids.  The  coagulum,  produced  by 
acids,  is  redissolved  by  pure  alkalis,  even,  as  Thenard  finds,  by 
ammonia,  which  does  not  dissolve  albumen  that  has  been  coagulat- 
ed by  heat. 

Alum,  probably  in  consequence  of  its  excess  of  acid,  coagulates 
albumen  ;  but  does  not  act  on  very  dilute  solutions.  One  part  in 
500  of  water  is  rendered  slightly  turbid  by  a  solution  of  alum  ;  but 
no  precipitate  is  formed.  . 

4  Albumen  is  coagulated  by  several  of  the  metallic  salts.  Solu- 
tion of  corrosive  muriate  of  mercury,  which  has  no  effect  on  gela- 
tine or  mucus,  is  a  delicate  test  of  the  presence  of  albumen.  A  sin- 
gle drop  of  the   solution,  added  to  a  liquor  containing  7Jqo  its 

*  Medico-Chir.  Trans,  ii.  169.  f  Ditto,  377. 

\  Thenard,  Annales  <le  Chimie,  lxvii.  321. 
§  Philosophical  Transactions,  1S09. 
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weight  of  albumen,  renders  it  visibly  milky ;  and,  at  the  end  of 
some  hours,  a  flocculent  precipitate  falls  to  the  bottom  of  the  ves- 
sel. The  same  re-agent  produces  a  sensible  effect  on  a  liquid,  con- 
taining only  half  that  quantity,  or  ^Q-tf  of  albumen. 

Solution  of  corrosive  sublimate,  however,  does  not  separate  the 
whole  of  the  albumen,  unless  heat  is  employed.  The  precipitate 
is  a  compound  of  the  metallic  salt  with  albumen,  in  the  proportion  of 
about  one  of  the  former  to  three  or  four  of  the  latter.  From  the 
quantity  of  corrosive  sublimate,  therefore,  required  to  decompose 
entirely  a  solution  of  albumen,  we  may  infer  the  quantity  of  the  lat- 
ter;  for  three  grains  of  the  metallic  salt,  being  entirely  decomposed, 
indicate  10^  grains  of  albumen. 

Nitro-muriate  of  tin  precipitates  albumen,  but  less  actively  than 
the  foregoing  salt.  Water,  holding  Ti^  of  albumen,  was  not  alter- 
ed by  this  test,  till  after  some  hours,  when  it  became  milky.  Ni- 
trate of  silver  occasions  a  precipitate;  but  the  effect  is  equivocal, 
from  its  precipitating,  also,  the  muriate  of  soda.  Nitro-muriate 
of  gold  throws  down  a  dense  precipitate  from  a  solution  con- 
taining -io^o  of  albumen.  Goulard's  extract  occasions  an  abundant 
dense  coagulum. 

5.  Solutions  of  albumen  are  decomposed  by  the  addition  of  tan. 
When  an  infusion  of  galls,  containing  2-|-  parts  of  solid  extract  in 
100,  is  added  to  a  liquor,  of  which  albumen  forms  only  -j^g  part, 
no  immediate  effect  is  apparent ;  but,  after  some  time,  a  precipi- 
tate ensues.  If  infusion  of  tan  be  poured  into  a  concentrated  solu- 
tion of  albumen,  the  precipitate  has  the  consistence  of  pitch  ;  is 
not  susceptible  of  putrefaction  ;  and,  when  dry,  is  brittle  like  over- 
tanned  leather.  The  precipitate  by  tan  from  diluted  albumen,  Dr. 
Bostock  observes,  is  incoherent,  subsides  very  slowly,  and  can 
scarcely  be  separated  by  a  filtre  ;  whereas  the  precipitate  from 
solution  of  jelly  of  the  same  strength  is  a  hard  dense  substance, 
which  almost  immediately  separates  from  the  fluid,  and  may  be 
collected  in  a  distinct  mass. 

6.  Albumen,  in  whatever  way  it  has  been  coagulated,  appears 
to  be  slow  in  undergoing  putrefaction.  Mr.  Hauhett  kept  it  for 
some  weeks  under  water,  without  any  tendency  to  that  state. 
According  to  Scheele,  a  small  portion  of  coagulated  albumen  is 
soluble  in  dilute  acids,  and  precipitable  by  the  same  acids  when 
concentrated.  By  steeping  albumen,  for  a  month,  in  dilute  nitric 
acid,  Mr.  Hatchett  converted  it  into  a  substance,  which  was  soluble 
in  water,  and  affected  chemical  tests  like  gelatine. 

7.  Albumen  contains  a  portion  of  sulphur  in  intimate  combina- 
tion, which  gives  it  the  property  of  blackening  silver.  This  effect 
is  often  observed  to  be  produced  by  eggs  on  spoons  of  that  metal ; 
and  blood,  evaporated  in  silver  vessels,  stains  them  with  sulphuret 
of  silver. 

Many  theories  have  been  formed  of  the  cause  of  the  coagulation 
of  albumen  ;  but  the  first  probable  conjecture  on  the  subject  ap- 
pears to  have  originated  with  Dr.  Thomson.*  The  fluidity  of  albu- 

*  System  of  Chemistry,  v.  489. 
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men  he  supposed  to  depend  on  the  presence  of  alkaline  matter,  and 
its  coagulation  on  the  removal  of  the  alkali,  or  its  saturation  with 
some  other  substance.  This  suggestion  has  been  confirmed  by- 
some  well  devised  experiments  of  Mr.  Brande.*  When  the  white 
of  an  egg  was  exposed  to  the  action  of  a  galvanic  battery,  a  rapid 
and  abundant  coagulation  took  place  round  the  negative  pole,  while 
a  thin  film  only  collected  at  the  positive  wire.  This  more  copious 
precipitation  at  the  negative  pole  appears  to  have  been  owing  to 
the  separation  of  alkali ;  and  as  it  required,  in  order  to  produce  the 
effect,  a  comparatively  high  electrical  power,  it  should  follow  that 
the  rafiid  abstraction  of  alkali  is  necessary  to  the  perfect  coagula- 
tion of  albumen. 

White  of  egg,  then,  is  a  compound  of  albumen  with  alkali  and 
water.  When  heat  is  applied,  the  alkali  is  transferred  to  the  wa- 
ter, and  the  albumen  becomes  insoluble.  The  alkaline  liquor, 
which  is  thus  produced,  re-acts  upon  and  dissolves  a  small  quan- 
tity of  coagulated  albumen.  When  alcohol  or  acids  are  the  coagu- 
lating powers,  the  effect  is  owing  to  a  like  transfer  of  alkali. 

When  the  uncoagulable  part  of  white  of  egg  was  exposed  to 
a  strong  galvanic  power,  uncombined  soda  was  found  in  the  nega- 
tive cup  ;  and  muriatic  acid  with  a  little  coagulated  albumen  in 
the  positive  one.  Hence  fluid  albumen  contains  both  free  soda  and 
muriate  of  soda.  In  the  experiments  of  Mr.  Hatchett,  500  grains 
of  dry  albumen  afforded  74-1  of  coal,  of  which  1 1|  were  saline  mat- 
ter, composed,  besides  the  salts  that  have  been  mentioned,  of  phos- 
phate of  lime  and  of  phosphate  and  carbonate  of  soda. 

From  the  researches  of  Mr.  Brande  it  appears  that  galvanism 
may  be  applied  to  the  discovery  of  very  minute  quantities  of  albu- 
men, which  are  not  rendered  sensible  by  any  other  test.  In  this 
way,  he  produced  a  rapid  coagulation,  at  the  negative  pole,  in 
several  animal  fluids,  in  which  albumen  had  not  been  supposed  to 
exist.  It  has  been  ascertained,  also,  by  Sir  E.  Home,  that  albumen 
is  coagulated  by  galvanic  arrangements  of  too  low  a  power  to 
affect  even  the  most  delicate  electrometer  ;  and  hence  he  has  pro- 
posed albuminous  fluids  as  tests  of  the  presence  of  small  quantities 
of  electricity .f 

Albumen  was  found  by  Gay  Lussac  and  Thenard,  to  consist  of 

Carbon 52.883 

Oxygen 23.872 

Hvdrogen  .......  7.540 

Azote 15.705 


100 


Beside,  therefore,  the  hydrogen  required  to  saturate  the  oxygen, 
there  are  4.285  parts  in  excess. 

*  Philosophical  Transactions,  1809.        f  Ditto, 
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SECTION  III. 

Mucus. 

The  term  mucus  had  been  employed  in  a  vague  and  general 
sense,  until  Mr.  Hatchett,  in  his  valuable  paper  on  the  component 
parts  of  animal  membrane,*  attempted  to  assign  to  it  a  more  de- 
finite meaning.  Jelly  and  mucus  he  considers  as  modifications  of 
the  same  substance,  and  as  not  essentially  differing  from  each  other. 
The  latter  te,rm  he  restricts  to  that  animal  substance,  which  is 
soluble  in  cold  water,  and  which  cannot  be  brought  to  assume  the 
gelatinous  state.  Dr.  Bostock,  however,  has  endeavoured  to  prove 
that  mucus  is  a  distinct  fluid,  characterized  by  a  train  of  properties, 
which  are  entirely  different  from  those  of  animal  gelatine. t  Four- 
croy  and  Vauquclin  have  admitted,  also,  its  claim  to  be  considered 
as  a  peculiar  compound.:):  They  apply  the  term,  in  an  enlarged 
sense,  to  the  viscid  liquor,  which  lubricates  the  mouth,  the  oeso- 
phagus, the  stomach,  the  intestines,  and,  in  general,  all  the  cavities 
and  passages  of  the  body.  It  differs,  they  suppose,  from  vegetable 
gum,  in  nothing  but  in  containing  a  proportion  of  nitrogen.  In  the 
descriptions  of  its  characters,  however,  they  are  much  less  precise 
than  either  of  the  English  chemists.  Berzelius,  on  the  other  hand, 
seems  scarcely  to  admit  any  fluid  entitled  to  the  general  name  of 
mucus;  and  finds  that  its  chemical  characters  vaiy  indifferent 
parts  of  the  body,  according  to  the  purpose  which  it  is  intended  to 
fulfil  in  the  animal  economy. § 

The  substance  on  which  Dr.  Bostock's  experiments  were  made, 
was  the  saliva  of  the  mouth,  dissolved  in  water  by  agitation.  No 
appearance  of  coagulation  was  produced  by  raising  the  tempera- 
ture of  this  liquid  to  2 12°,  nor,  when  the  liquid  was  evaporated,  and 
suffered  to  cool,  did  it  show  any  tendency  to  gelatinate. 

No  distinct  effect  was  produced  on  the  solution  of  mucus,  by 
adding  nitro-muriate  of  tin,  muriate  of  mercury,  or  infusion  of  galls. 
Goulard's  extract  occasioned  an  immediate  opacity,  and,  after 
sometime,  a  flaky  precipitate.  Hence  th-?  effects,  produced  by  the 
tanning  principle  and  by  Goulard's  extract,  establish  a  decided 
and  essential  difference  between  mucus  and  gelatine.  Tan  is  a 
most  delicate  test  of  gelatine  ;  but  does  not,  in  any  degree,  affect 
mucus.  Goulard,  again,  is  a  sensible  test  of  mucus,  but  not  of 
jelly.  Corrosive  muriate  of  mercury,  on  the  contrary,  which  dis- 
covers very  small  proportions  of  albumen,  is  not  affected  by  either 
jelly  or  mucus. 

Hitherto,  however,  Dr.  Bostock  has  not  been  able  to  devise  a 
method  of  determining,  exactly,  the  proportion  of  mucus  in  any  com- 
pound fluid.  One  great  obstacle  to  all  attempts  of  this  kind  is, 
that  mucus,  beside  animal  matter,  appears  always  to  contain  com- 
mon salt,  which  acts  upon  the  tests ;  so  that  it  is  impossible  to 

*  Philosophical  Transactions,  1800.       f  Nicholson's  Journal,  xi.  and  xiv. 
\  Annales  de  Chimie,  lxvii.  §  View  of  Animal  Chemistry,  p.  58. 
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say,  how  much  of  the  effect  is  owing  to  each  of  these  separate 
causes.  The  precipitates,  thrown  down  from  mucus  by  acetate  of 
lead  and  nitrate  of  silver,  Mr.  Brande  has  found  to  consist  both  of 
the  muriates  and  phosphates  of  those  metals.  From  1000  grains 
of  saliva,  he  obtained  by  evaporation  120  grains  of  dry  residuum, 
of  which  twenty  grains  were  saline  matter.  The  proportion  of 
salts,  in  the  mucus  of  the  trachea,  was  even  still  greater.  This 
variety  ot  mucus,  was  not  coagulated  either  by  heat,  by  alcohol,  or 
by  acids. 

In  order  to  obtain  mucus  free  from  neutral  salts,  it  occurred  to 
Mr.  Brande  to  attempt  their  decomposition  by  electricity.  With 
this  view,  a  mixture  of  saliva  and  water  was  placed  in  a  vessel  in- 
termediate between  two  others,  which  contained  water  only  (see  f, 
fig.  82),  and  which  were  connected,  the  one  with  the  positive,  the 
other  with  the  negative,  extremity  of  a  galvanic  apparatus.  Fibres 
of  cotton  connected  the  central  vessel  with  the  two  others.  In 
about  ten  minutes,  a  considerable  quantity  of  white  coagulum  was 
formed  upon  the  cotton  on  the  negative  side  ;  but  none  on  the  posi- 
tive. Thus  albumen  appears  to  be  a  constituent  part  of  saliva, 
though  not  discoverable  by  the  usual  tests.  A  separation  of  alkali 
took  place  on  the  negative  side  ;  and  hence  Mr.  Brande  is  disposed 
to  consider  mucus  as  a  compound  of  albumen  and  muriate  of  soda, 
or  of  albumen  and  pure  soda.  The  whole  of  this  subject,  however, 
is  still  obscure;  and  requires  to  be  illustrated  by  farther  experi- 
ments. 

When  mucus  is  evaporated  to  dryness  by  a  gentle  heat,  no  ma- 
terial change  is  produced  in  it.  The  result  is  a  semi-transparent 
substance  resembling  gum,  and,  like  it,  soluble  again  in  cold  wa- 
ter. Neither  alcohol  nor  ether  dissolve  it.  By  destructive  dis- 
tillation, it  yields  only  the  common  elements  Of  animal  matter. 

Mucus,  as  appears  from  Dr.  Marcet's  experiments,  beside  form- 
ing an  ingredient  of  several  healthy  secretions,  exists  in  some 
morbid  fluids,  particularly  in  that  effused  in  all  the  forms  of 
dropsy. 


SECTION  IV. 

Fibrin,  or  Animal  Gluten. 

Fibrin  forms  the  basis  of  the  muscular  or  fleshy  parts  of*  ani- 
mals, and  remains,  combined  with  albumen,  when  all  the  soluble 
parts  have  been  washed  away  by  water.  It  may  also  be  obtained 
from  blood,  by  laying  the  coagulum  on  a  linen  strainer,  and  pour- 
ing water  upon  it,  till  a  white  fibrous  matter  alone  remains. 

For  the  purpose  of  submitting  fibrin  to  a  series  of  experiments, 
Mr.  Hatchett  obtained  it  by  digesting  shreds  of  lean  beef,  during 
15  days,  in  water,  which  was  changed  daily,  the  temperature  being 
such  as  not  to  excite  putrefaction.     The  shreds  of  the  muscle  were- 
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then  boiled  for  five  hours  every  day,  during  three  weeks,  changing 
the  water  a"  each  boiling  ;  and,  finally,  the  residue  was  put  into  a 
press,  and  dried  by  the  heat  of  a  water  bath. 

The  following  history  of  the  chemical  properties  of  fibrin  is  de- 
rived chiefly  from  a  memoir  of  Berzelius. 

1.  Fibrin  is  insoluble  in  cold  water;  but  water,  after  being  boil- 
ed upon  it  for  some  hours,  is  found  to  have  acquired  a  milky  hue. 
and,  on  the  addition  of  infusion  of  tan,  affords  a  precipitate  of  white 
and  distinct  flocculi,  which  do  not  cohere  like  those  produced  by 
geiatiue.  The  liquid, obtained  by  boiling  fibrin,  does  not  gelaiiuate, 
to  whatever  degree  it  may  be  concentrated,  but  gives  a  white,  dry, 
hard,  and  friable  residue,  which  is  soluble  in  cold  water.  By  long 
boiling  in  water,  fibrin  loses  its  property  of  softening  and  dissolving 
in  acetic  acid. 

2.  Alcohol,  of  the  specific  gravity  .810,  converts  fibrin  into  a  kind 
of  adipocirous  matter,  which  is  soluble  in  alcohol,  and  is  precipi- 
tated by  the  addition  of  water.  When  alcohol,  which  has  been  di- 
gested on  fibrin,  is  evaporated,  a  fatty  residue  is  left,  which  did  not 
pre-exist  in  the  fibrin.  By  the  action  of  ether,  fibrin  is  converted 
into  an  adipocire,  similar  to  the  preceding,  but  in  much  greater 
abundance,  and  distinguished  by  a  much  more  disagreeable  odour. 

3.  In  concentrated  acetic  acid,  fibrin  immediately  becomes  soft, 
transparent,  and,  with  the  assistance  of  heat,  is  converted  into  a 
tremulous  jelly.  By  the  addition  of  warm  water,  this  jelly  is  com- 
pletely dissolved,  with  the  evolution  ot  a  small  quantity  of  azotic 
gas.  The  solution  is  colourless,  and  of  a  mawkish  and  slightly  acid 
taste.  By  sufficient  evaporation,  the  gelatinous  substance  is  re- 
produced, which,  when  completely  desiccated,  is  a  transparent 
mass,  insoluble  in  water  without  the  addition  of  fresh  acetic  acid. 
The  solution  gives  a  while  precipitate  with  ferro-prussiate  of  pot- 
ash, and  with  pure  alkali;  but  a  slight  excess  of  alkali  re-dissolves 
it.  Sulphuric,  nitric,  and  muriatic  acids  also  occasion  a  precipi- 
tate, which  consists  of  fibrin  and  the  acid  that  has  been  employed. 
When  laid  on  a  filtre  and  washed,  a  certain  quantity  of  this  acid  is 
carried  off  by  the  water,  and  the  remaining  substance  is  soluble  in 
pure  water. 

4.  In  wesk  muriatic  acid,  fibrin  shrinks,  and  gives  out  a  little 
azotic  gas,  but  scarcely  any  portion  is  dissolved,  even  by  boiling. 
Concentrated  muriatic  acid,  when  boiled  on  fibrin,  decomposes  it, 
and  produces  a  red  or  violet  coloured  solution.  Fibrin,  that  has 
been  digested  with  weak  muriatic  acid,  is  hard  and  shrivelled.  By 
repeatedly  washing  with  water,  it  is  at  length  converted  into  a  ge- 
la^r.ous  mass,  which  is  perfectly  soluble  in  tepid  water.  The  solu- 
tion reddens  litmus  paper,  and  yields  a  precipitate  with  acids,  as 
well  as  with  alkalis. 

5.  Concentrated  sulphuric  acid  decomposes  and  carbonizes 
fibrin.  The  same  acid,  diluted  with  six  times  its  weight  of  wa- 
ter, and  digested  with  fibrin,  acquires  a  red  colour,  but  dissolves 
scarcely  any  thing.  The  undissolved  portion  is  a  compound  of 
fibrin  with  an  excess  of  sulphuric   acid;  and  when  this  excess  is 

•    removed  by  water,  a  neutral  combination  is  obtained,  which  is  so- 
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table  in  watei*,  and  possesses  the  same  characters,  as  the  neutral 
con-pound  oi  fibrin  and  muriatic  acid. 

6.  Nitric  acid  of  the  specific  gravity  1.25  disengages  at  first 
azotic  g.is  from  fibrin,  pure  and  unmixed  with  nitrous  gas.  By 
continuing  the  digestion  24  hours,  the  fibrin  is  converted  into  a 
pulverulent  mass,  of  a  pale  citron  colour,  which  when  placed  on  a 
futrc  and  washed  with  a  large  quantity  of  water,  becomes  of  a  deep 
orange  colour.  Tins  yellow  substance  was  discovered  by  Four- 
croy  and  V  uquelin,  who  obtained  it  by  treating  muscular  flesh 
with  nitric  acid,  and  who  gave  it  the  name  of  yellow  acid.  Bcrze- 
lius  has  ascertained  that  it  is  a  combination  of  nitric  and  malic 
acids  with  fibrin,  which  is  in  some  degree  altered  by  the  process. 

7  In  caustic  fixed  alkali,  fibrin  increases  in  bulk,  and,  at  length, 
is  completely  dissolved.  The  solution  is  yellow  with  a  shade  of 
green ;  and  is  decomposed  by  acids,  but  the  precipitated  fibrin 
seems  to  have  undergone  some  change,  for  it  is  not,  as  before, 
soluble  in  acetic  acid.  The  compound  of  fibrin  and  alkali  has  not 
any  analogy   with  soap,  which   Fourcroy  asserts  that  it  resembles. 

8.  Fibrin  has  been  analyzed  by  Gay  Lussac  and  Thenard,  and 
found  to  consist  of 

Carbon 53.360 

Oxygen 19.685 

Hydrogen 7.021 

Azote' 19.934 

100. 

Beside5;  the  oxygen  and  hydrogen  in  the  proportions  required 
to  form  water,  there  is  an  excess  of  4.337  parts  of  hydrogen  per 
cent. 


SECTION  V. 

Urea. 

I.  Urea  may  be  obtained  by  the  following  process  : — Evaporate, 
by  a  very  gentle  heat,  a  portion  of  human  urine,  voided  six  or 
eight  hours  after  a  meal,  to  the  consistence  of  a  thick  syrup.  In 
this  state  it  concretes,  on  cooling,  into  a  crystalline  mass.  Pour 
on  this,  at  different  times,  four  times  its  weight  of  alcohol,  and  ap- 
ply a  gentle  heat,  which  will  effect  the  solution  of  the  greater  por- 
tion. Decant  the  alcoholic  solution,  and  distil  it  by  a  water  bath, 
till  it  acquires  the  consistence  of  syrup,  which  is  to  be  poured  out 
of  the  retort.  On  cooling,  it  forms  a  crystallized  substance,  which 
is  the  urea.* 

*  Thenard  recommends  the  following  process  as  the  best  toobtain  urea.  "  Eva- 
porate  urine  to  the  consistence  of  a  syrup,  carefully  managing  the  fare,  especially 
at  the  close  of  the  evaporation;  add  to  this  syrup  by  little  and  bttle,  its  volume 

3  X 
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II.  1.  Urea  has  the  form  of  crystalline  plates,  crossing  each 
other  in  various  directions.  It  has  a  yellowish  white  colour ;  a 
smell  somewhat  like  that  of  garlic;  is  viscici,  and  difficult  to  cut  ; 
and  has  an  acrid  strong  taste.  It  deliquiates,  when  exposed  to  the 
air,  into  a  thick  brown  liquid.  It  is  extremely  soluble  in  water, and 
absorbs  caloric  during  solution.  Alcohol  dissolves  it  readily,  but. 
in  less  proportion  than  water  ;  and  the  alcoholic  solution  yields  crys- 
tals more  readily  than  the  watery  one.  Berzelius,  by  processes 
which  he  has  not  described,  obtained  urea  quite  free  from  colour, 
and  forming  distinct  prismatic  crystals  like  nitre.*  Even  in  this 
state,  he  observes,  it  is  still  obstinately  combined  with  lactic  acid, 
lactate  of  ammonia,  and  the  peculiar  animal  matter,  which  always 
accompanies  the  lactates.  It  is  this  animal  matter,  which  gives  the 
urine  its  colour. 

2.  The  concentrated  solution  of  urea  in  water  yields,  on  the  ad- 
dition of  nitric  acid,  a  copious  precipitate  of  bright  pearl-coloured 
crystals,  resembling  the  borucic  acid.  No  other  acid  produces  this 
singular  e fleet. 

3.  The  concentrated  solution  of  urea,  in  water,  is  brown  ;  but 
becomes  yellow,  when  largely  diluted.  Infusion  of  galls  gives  it  a 
yellowish  brown  colour,  but  causes  no  precipitate ;  nor  is  it  precipi- 
tated by  infusion  of  tan. 

4.  When  heat  is  applied  to  urea,  it  melts,  swells,  and  evaporates, 
with  an  insufferable  fetid  smell.  By  distillation,  it  yields  above  two 
thirds  its  weight  of  carbonate  of  ammonia;  about  one  fourth  of 
benzoic  acid  ;  besides  carburetted  hydrogen,  and  a  residuum  com- 
posed of  charcoal  with  muriates  of  soda  and  ammonia. 

5  The  solution  of  urea  in  water  putrefies,  and  is  slowly  decom- 
posed ;  but  much  more  rapidly,  if  a  little  gelatine  be  added.  Am- 
monia and  acetic  acid  are  the  products  of  its  decomposition.  If  the 
solution,  instead  of  being  left  to  putrefy,  be  kept  in  a  boiling  tem- 
perature, and  fresh  water  be  added  as  the  evaporation  goes  on,  the 
urea  is  at  length  wholly  decomposed.  The  condensed  vapour  is 
found  to  contain  carbonate  of  ammonia  ;  acetic  acid  is  formed  ;  and 
a  portion  of  charcoal  remains  in  the  fluid  contents  of  the  retort.  It 
has  been  ascertained,  by  those  who  distil  the  volatile  alkali  from 
urine,  in  manufacturing  processes,  that  an  equal  quantity  of  am- 
monia is  obtained  whether  the  urine  has  undergone  putrefaction  or 
not. 

6.  When  a  mixture  of  urea,  with  one  fourth  its  weight  of  dilut- 
ed sulphuric  acid  is  distilled,  a  quantity  of  oil  appears  on  the  sur- 

of  nitric  acid  at  24°.  Agitate  the  mixture  and  place  it  in  a  bath  of  ice,  tt 
harden  the  crystals  of  the  acid  nitrat  of  urea  which  precipitate  ;  wash  these 
crystals  with  water  at  0-  (32°)  let  them  drain,  and  compress  them  between  blot- 
ting paper.  When  we  have  thus  separated  the  Foreign  matters  which  adhered 
to  them,  dissolve  them  in  water;  and  add  sufficient  carbonat  oF  potash  to  se- 
parate the  nitric  acid  ;  then  evaporate  the  liquor  by  a  gentle  heat  almost  to  dry- 
ness: and  treat  the  residue  with  very  pure  alcohol,  which  only  dissolves  the 
urea  ;  concentrate  the  alcoholic  solution,  and  the  urea  crystallizes."  Traite  de 
Chimie,  3d.  vol.  445.     C. 

*  View  of  Animal  Chemistry,  8vo.  p.  101 
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face,  which  concretes  by  cooling  ;  acetic  acid  passes  over  into 
the  receiver;  and  sulptiate  of  ammonia  remains  in  the  retort.  The 
repetition  of  this  process  converts  the  whole  of  a  portion  of  urea  in- 
to ammonia  and  acetic  acid. 

7.  Nitric  acid  acts  rapidly  on  urea  ;  nitrous,  azotic,  and  carbonic 
acid  gases,  are  disengaged  ;  and  prussic  acid  and  ammonia  are 
generated.  The  residuum,  when  dried  and  ignited,  detonates  like 
nitrate  of  ammonia. 

8.  Muriatic  acid  dissolves  urea  without  alteration.  When  a 
steam  of  oxymuriatic  acid  gas  is  passed  through  a  solution  of  urea, 
the  gas  is  rapidly  absorbed  ;  and  white  flakes  are  formed,  which 
soon  assume  a  brown  colour.  After  the  solution  has  become  satu- 
rated with  gas,  the  effervescence  still  continues  ;  and  carbonic  acid 
and  nitrogen  gases  are  evolved.  The  residuary  liquid  contains 
both  carbonate  and  muriate  of  ammonia. 

9.  Urea  is  soluble  in  alkaline  solutions  ;  and,  at  the  same  time, 
undergoes  a  partial  decomposition.  A  strong  smell  of  ammonia 
arises,  probably  from  the  action  of  the  potash  on  the  muriate  of  am- 
monia which  is  contained  in  urea.  When  solid  potash,  however,  is 
triturated  with  urea,  the  disengagement  of  atnmonia  is  too  great  to 
be  explained  in  this  way;  and  can  only  be  accounted  for,  by  sup- 
posing the  volatile  alkali  to  be  formed  by  the  union  of  its  elements. 
A  strong  solution  of  potash,  heated  with  urea,  produces  a  similar  ef- 
fect; a  large  quantity  of  ammonia  is  generated  ;  the  residuum  di- 
luted with  water  effervesces  violently  from  the  escape  of  carbonic 
acid  gas  ;  a  flocculent  precipitate  is  formed,  which  has  the  quali- 
ties of  a  concrete  oil  ;  and  the  liquor,  when  distilled,  gives  both  ace- 
tic and  benzoic  acids. 

10.  Urea  has  the  property  of  changing  the  form  of  the  crystals 
of  muriate  of  soda  ;  a  solution  of  that  salt,  mixed  with  one  of  urea, 
affording,  on  evaporation,  octohedral  crystals.*  Muriate  of  ammo- 
nia, on  the  contrary,  which  usually  crystallizes  in  octohedrons,  has 
the  form  of  its  crystals  altered  by  similar  treatment,  to  that  of 
cubes. 

Of  all  the  animal  fluids,  urea  appears  most  readily  to  undergo 
decomposition,  both  from  spontaneous  changes  in  the  arrangement 
of  its  elements  and  from  the  action  of  other  substances.  From  a 
careful  examination  of  the  products  of  its  distillation,  Fourcroy  and 
Vauquel'  \  have  given  the  following  as  the  proportions  of  its  ele- 
ments, which  are  to  be  considered,  however,  as  no  more  than  ap- 
proximations.   One  hundred  parts  consist  of 

Oxygen       .     .     39.5 

Nitrogen     .     .     S2.5 

Carbon        .     .     U.7 

Hydrogen  .     .     13.3 

100.  ' 
*  It  is  not  necessary  to  take  the  urea  itself;  common  salt  dissolved  in  urine, 
and  spontaneously  evaporated,  will  afford  many  crystals  of  an  octohedral  shape. 
I  one? obtained  several  crystals  from  such  a  solution,  in  very  flat  sn-s.dedob- 
iTOg  tables -which  however  I  could  not  preserve,  for  in  less  than  a  week,  even 
fa  close  bottles,  they  completely  deliquesced.   C 
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SECTION  VI. 

Animal  Resins. 

The  properties  of  animal  resins  have  not  been  fully  investigated; 
but,  so  tar  as  they  have  hitherto  been  examined,  they  appear  to  differ 
considerably  from  those  of  the  vegetable  kingdo;n. 

The  resin  of  bile  may  be  obtained  by  the  following  process  : 
To  thirty  two  parts  of  recent  ox  bile,  add  one  of  concentrated  mu- 
riatic acid.  When  the  mixture  has  stood  some  hours,  strain  it,  in 
order  to  separate  a  white  coagulated  substance.  Pour  the  filtered 
liquor,  which  has  a  fine  green  colour,  into  a  glass  vessel,  and  eva- 
porate by  a  gentle  heat.  At  a  certain  point  of  concentration,  a  green 
sediment  falls  down,  which,  after  being  separated  from  the  liquid 
part,  and  washed,  affords  what  has  been  considered  as  resin.  Ber- 
zelius,  however,  (as  will  be  more  fully  stated  in  the  section  on  bile) 
denies  that  it  is  a  true  resin. 

1.  The  resin  of  bile  has  a  dark  brown  colour  ;  but,  if  spread  out 
fine,  on  a  white  ground,  it  exhibits  a  bright  grass-green.  It  is  in- 
tensely bitter. 

2.  At  about  122°  it  melts,  and  in  a  high  temperature  burns  ra- 
pidly. It  is  soluble  both  in  cold  and  hot  water,  and  still  more  solu- 
ble in  alcohol,  from  which  it  is  in  part  precipitated  by  water. 

3.  With  pure  alkalis  it  combines,  and  forms  a  compound,  which 
has  been  compared  to  soap.  From  these  it  is  precipitated  unchang- 
ed by  acids. 

4.  When  farther  oxygenized,  by  adding  oxymuriatic  acid  to  bile, 
the  resinous  portion  has  its  properties  considerably  altered  ;  it  ac- 
quires the  colour  and  consistence  of  tallow;  melts  at  104°  ;  and 
dissolves  in  alcohol  and  in  hot  water. 

Besides  this  resin,  there  are  several  animal  substances  which 
possess  similar  qualities.  Such  are  the  ear-wax,  ambergris,  castor, 
&c  ;  for  an  account  of  which  the  reader  may  consult  the  fifth  vo- 
lume of  Thomson's  Chemistry. 


SECTION  VII. 

Animal  Sugar. 

Sugar  enters  pretty  largely  into  the  composition  of  milk ;  and  in- 
to the  urine,  when  altered  by  disease.  It  may  be  obtained  from  milk 
by  the  following  process  : 

I.  Let  whey  be  evaporated  to  the  consistence  of  honey,  and  allow- 
ed to  cool.  It  concretes  into  a  solid  mass,  which  is  to  be  dissolved 
in  water,  clarified  by  white  of  eggs,  filtered,  and  again  evaporated 
to  tlv  consistence  of  syrup.  On  cooling,  a  number  of  brilliant 
white  crystals  are  deposited,  which  are  the  sugar  of  milk. 
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1.  Sugar  of  milk  has  a  sweetish  taste,  and  no  smell. 

2.  It  requires  lor  solution,  seven  parts  of  cold  or  four  of  boiling 
water;  and  is  insoluble  in  alcohol.  In  these  properties  it  differs 
from  common  sugar,  and  also  in  its  relation  to  nitric  acid,  which 
will  be  afterwards  stated,  under  the  head  of  saccholactic  acid 

Gay  Lussac  and  Thenard  have  ascertained  it  to  be  compos- 
ed of 

Carbon 38.825 

Oxygen 5o.8J4 

Hydrogen 7.341 

100. 

The  oxygen  and  hydrogen  are  in  the  proportions  necessary  to 
form  water  ;  .aid  the  carbon  is  in  excess. 

3.  When  exposed  to  heat,  it  melts  and  burns  with  the  same  ap- 
pearances as  common  sugar,  and  with  a  similar  smell. 

II.  The  urine  of  diabetic  patients  yields  sugar  on  evaporation, 
which  approaches  more  nearly  in  its  characters  to  those  ot  vegeta- 
ble sugar,  but  is  generally  said  to  be  incapable  of  crystallization. 
By  exposing  the  solution,  however,  for  sgme  time  to  the  air,  and 
removing  occasionally  the  scum  which  is  formed,  I  have  obtained 
beautiful  white  crystals,  not  inferior  to  those  of  vegetable  sugar.* 


SECTION  VIII. 

•  Animal  Oils. 

Animal  oils  differ  from  the  vegetable  oils,  in  being  generally 
solid  at  the  temperature  of  the  atmosphere,  but  are  similar  to  them 
in  other  properties.  Among  animal  oils,  may  be  ranked  butter, 
tallow,  lard,  suet,  spermaceti,  &cc. 

I.  Si'ER.^aceti  bears  some  resemblance  to  wax,  but  differs  from 
it  in  other  properties.  It  is  more  readily  fusible,  viz.  at  112° 
Fahrenheit ;  and  is  less  soluble  in  boiling  alcohol,  of  which  it  re- 
quires 150  times  its  weight.  It  is  copiously  dissolved  by  boiling 
ether;  and  the  solution,  on  cooling,  becomes^  a  solid  mass.  Pure 
potash  acts  on  it  more  remarkably  than  on  wax  ;  and  the  compound 
is  quite  soluble.  A  heated  solution  of  ammonia  affords  a  liquid, 
which  is  not  precipitated  by  cooling,  or  by  the  addition  of  water ; 
but  is  decomposed  by  acids. 

II  A  singular  instance  of  the  production  of  animal  oil  from  the 
lean  or  muscular  part  of  animals,  is  presented  by  the  conversion 

*  By  dissolving  the  extract  of  diabetic  urine  in  alcohol,  evaporating  to  dry. 
ness,  redissolving  in  lime  water,  and  again  evaporating,  1  obtained  a  very  beau- 
tiful crystalline  mass  of  a  yellow  colour,  but  which  I  could  never  procure  in 
a  perfectly  regular  form.    C 
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of  muscle  into  a  substance  resembling  spermaceti,  and  called  by  the 
French  chemists  adipocike.  To  effect  this  conversion,  it  is  only 
necessary  to  confine  the  fleshy  part  of  an  animal  in  a  box,  with  se- 
veral holes  in  it,  under  the  surface  of  a  running  stream.  When 
thus  confined,  the  change  takes  place  spontaneously  in  the  course 
of  a  few  months.  But  it  may  be  accomplished  much  sooner,  by  di- 
gesting animal  muscle  in  strong  nitric  acid,  and  washing  off'  the 
acid  by  water,  as  soon  as  the  change  has  ensued.  The  substance, 
thus  obtained,  may  be  bleached,  by  exposure  to  the  oxymuriatic 
acid  gas. 

Adipocire  has  a  light  yellow  colour,  the  consistence  of  tallow, 
and  a  homogeneous  texture.  It  melts  at  an  inferior  temperature  to 
cither  of  the  foregoing  bodies,  viz.  at  92°  Fahrenheit.  Cold  alcohol 
has  little  action,  but  when  heated,  dissolves  about  {or  i  its  weight. 
On  cooling,  it  is  deposited  nearly  white,  and  the  alcohol  has  ac- 
quired a  yellow  tinge.  Boiling  ether  dissolves  nearly  one  fourth, 
which  separates,  almost  white,  on  cooling.  Fixed  alkalis  act  on 
this  substance,  as  on  wax  and  spermaceti.  Cold  ammonia  scarcely 
attracts  it,  and  in  this  respect  it  differs  from  both  the  preceding 
substances. 

III.  The  fat  of  animals  may  be  separated  from  the  membranous 
and  other  substances,  with  which  it  is  united,  by  melting  it  with  a 
gentle  heat,  and  with  the  addition  of  a  small  quantity  of  water. 
Fat,  which  has  been  thus  prepared,  is  called  lard  when  of  a  soft 
consistence,  and  callow  when  harder.  From  the  whale  and  some 
other  animals,  the  fat  is  obtained  fluid,  and  is  then  called  animal 
oil. 

Animal  fat  is  insipid  and  free  from  smell.  It  cannot  be  combin- 
ed either  with  water  or  with  alcohol  ;  but  it  unites  with  alkalis  and 
forms  soap.  It  is  apt  to  become  rancid  by  keeping,  owing  to  the 
formation  of  an  acid,  most  probably  by  the  oxygenation  of  gelatine, 
or  of  some  other  animal  substance  which  the  fat  contains. 

Fat  melts  at  a  very  moderate  heat.  Lard  becomes  fluid  at  about 
92°  Fahrenheit,  and  tallow  a  few  degrees  higher.  At  a  still  higher 
temperature,  it  is  decomposed,  and  yields,  among  other  products,  a 
large  quantity  of  defiant  gas.  Hence  its  fitness  for  artificial  illu- 
mination. 

If  fat  be  melted  with  about  one  sixteenth  its  weight  of  nitric 
acid,  the  mixture,  being  kept  fluid,  and  constantly  stirred  for  some 
time,  a  considerable  change  is  produced  in  its  appearance  Nitric 
oxide  and  nitrogen  gases  are  evolved  ;  and  the  lard  becomes  gra- 
nular, of  a  firmer  consistence,  and  soluble  in  alcohol.  Any  adher- 
ing acid  may  be  removed  by  washing  it  with  water.  In  this  state, 
it  has  been  called  by  the  French  chemists  oxygenated  fat. 

Melted  fat  dissolves  both  sulphur  and  phosphorus.  It  unites, 
also,  with  several  metallic  oxides,  and  forms  compounds,  which 
have  nearly  a  solid  consistence. 
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SECTION  IX. 

Animal  Acids. 

Of  the  acids,  that  have  hitherto  been  discovered  to  enter  into 
the  composition  of  animal  substances,  several  have  already  been 
described,  viz.  the  phosphoric,  sulphuric,  muriatic,  carbonic,  ben- 
zoic, acetic,  and  malic.  Besides  these,  the  following  are  either 
component  parts  of  animal  substances,  or  are  formed  by  treating 
them  with  chemical  agents. 

I.  The  uric  acid,  or  lit/iic  acid,  exists  in  human  urine,  even  in  its 
most  healthy  state.  The  substance,  occasionally  voided  al6ng  with 
the  urine,  and  called  gravel,  consists  for  the  most  part  of  uric  acid  ; 
and  this  acid  forms,  also,  one  of  the  most  common  ingredients  of 
urinary  calculi.  It  may  be  obtained,  by  dissolving  a  calculus  of 
this  kind  (the  external  characters  of  which  will  be  hereafter  de- 
scribed) reduced  to  fine  powder,  in  solution  of  potash  ;  decompos- 
ing the  clear  solution  by  muriatic  acid  added  in  excess  ;  and  wash- 
ing the  precipitate  with  a  large  quantity  of  distilled  water.  The 
precipitate  may  be  drained,  and  dried  at  a  moderate  heat. 

1.  Uric  acid,  when  pure,  is  destitute  of  colour,  taste,  and  smell ; 
it  dissolves  in  1720  parts  of  cold  water,  or  in  1  150  parts  of  boiling 
water  ;  from  which,  on  cooling,  much  of  the  acid  precipitates.  The 
solution  reddens  vegetable  blue  colours,  and  combines  readily  with 
pure  alkalis,  but  does  not  effervesce  with  the  alkaline  carbonates, 
Fixed  alkaline  solutions  dissolve  a  considerable  quantity  of  uric 
acid,  if  the  alkali  be  in  excess.  The  saturated  compounds,  how- 
ever, of  uric  acid  with  alkalis,  termed  urates,  are  not  much  more 
soluble  than  the  acid  itself.  The  combination  of  uric  acid  with 
soda,  constitutes  the  principal  part  of  the  concretions  found  near 
the  joints  of  gouty  persons. 

2.  Nitric  acid  dissolves  the  uric  acid,  and  the  solution  stains  the 
skin  of  a  pink  colour.  If  the  solution  be  boiled,  carbonic  acid  and 
nitrogen  gases  escape,  and  prussic  acid  is  formed.  On  evapora- 
tion to  dryness,  a  bright  red  mass  remains.  By  repeatedly  dis- 
tilling nitric  from  uric  acid,  the  latter  is  at  length  wholly  decom- 
posed ;  carbonic  acid  and  nitrogen  gases  are  evolved  ;  and  a  strong 
smell  of  prussic  acid  is  produced.  The  residuary  fluid  deposits 
crystals,  which  Dr.  Pearson  found  to  be  nitrate  of  ammonia. 
Qxymuriatic  acid  occasions  the  formation  of  muriate  of  ammonia, 
and  of  oxalic  and  malic  acids. 

3.  When  the  uric  acid  is  distilled  per  se,  about  one  fourth  its 
weight  of  a  yellow  sublimate  arises,  which  contains  no  uric  acid  ; 
but  a  new  and  peculiar  one  combined  with  ammonia.  A  few  drops 
of  thick  oil  make  their  appearance  ;  and  carbonate  of  ammonia, 
with  some  prussic  acid,  water,  and  carbonic  acid  are  obtained.  In 
the  retort  there  remains  about  one  sixth  of  charcoal. 

II.  There  is  a  substance  well  known  to  physicians,  as  a  deposit 
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from  the  urine  at  certain  stages  of  fever,  and  in  other  diseases, 
under  the  name  ol*  latehtious  sediment.  According  to  Proust,  this 
semment  contains,  mixed  with  uric  acid  and  phosphate  of  lime,  a 
peculiar  acid,  which  lie  terms  the  rosacic,  irom  its  resemblance  in 
colour  to  that  of  the  rose.  This  acid,  he  observes,  differs  chit  fly 
from  the  uric,  in  being  very  soluble  in  hot  water ;  in  having  little 
tendency  to  crystallize ;  and  in  precipitating  muriate  of  gold  of  a 
violet  colour.  It  does  not  appear,  however,  that  its  properties 
have  been  hitherto  investigated  by  any  other  chemist  ;  and  us  ex- 
istence  may  be  considered,  at  present,  as  in  some  degree  question- 
able. 

III.  The  amniotic  acid  has  been  discovered  by  Fourcroy  and 
Vauquelin,  in  the  liquor  of  the  amnios  of  the  cow,  from  which,  by 
slow  evaporation,  it  separates  in  white  crystals.  It  has  a  brilliant 
appearance  ;  a  slight  degree  of  sourness  ;  reddens  vegetable  blues  ; 
is  scarcely  soluble  in  cold  water,  but  readily  in  hot,  from  which  it 
separates,  on  cooling,  in  long  crystals.  It  is  also  soluble  in  heated 
alcohol.  It  combines  readily  with  alkalis  and  forms  neutral  salts, 
from  which  the  amniotic  acid  is  precipitated  by  other  acids.  It  does 
not  decompose  alkaline  carbonates  ;  nor  does  it  precipitate  salts 
with  earthy  bases,  nor  the  nitrates  of  silver,  mercury,  or  lead.  By 
a  strong  heat,  it  is  decomposed,  emits  ammonia  and  prussic  acid, 
and  leaves  a  bulky  charcoal. 

IV.  The  lactic  acid  forms  a  component  part  of  sour  milk  ;  from 
wl.i(  h  the  acid  may  be  obtained  by  gently  evaporating  it  to  about 
one-eighth;  filtering  to  separate  the  curd;  and  adding  lime-water 
to  the  residue  An  earthy  precipitate  is  formed;  from  which  it 
may  be  precipitated  by  oxalic  acid  The  lactic  acid  is  thus  obtain- 
ed in  an  impure  state,  dissolved  in  water.  Evaporate  the  solution 
to  the  consistence  of  honey  ;  on  this  pour  alcohol,  and  filter  the  so- 
lution. When  the  alcohol  is  separated  by  distillation,  the  lactic 
acid  remains  pure. 

This  acid  has  a  yellow  colour,  is  not  susceptible  of  being  crystal- 
lized, and  attracts  the  humidity  of  the  air.  It  combines  with  alka- 
lis and  earths,  and  forms  deliquescent  salts.  It  dissolves  iron  and 
zinc,  with  a  production  of  hydrogen  gas.  It  unites  also  with  the 
oxides  of  other  metals.  In  its  properties,  it  bears  most  resemblance 
to  acetic  acid.  Fourcroy,  indeed,  supposed  that  it  is  really  the 
acetic  acid,  holding  in  solution  a  quantity  of  extractive  matter 
and  of  the  salts  contained  in  whey,  which  disguise  its  ordinary 
properties.*  But  Berzelius  contends  that  it  is  a  distinct  acid, 
and  that  it  exists,  either  free  or  united  with  soda,  in  all  animal 
fluids! 

V.  The  saccholactic  or  mucous  acid  is  formed  by  pouring  on  pow- 
dered sugar  of  milk,  in  a  stoppered  retort,  four  times  its  weight  of 
nitric  acid,  and  distilling  off  a  considerable  portion  of  the  liquor. 
On  leaving  it  to  crystallize,  oxalic  acid  is  obtained ;  but  if,  instead 

*  Nicholson's  Journal,  x.  264. 

+  Thomson's  Annals,  ii.  201,  note.  See  also  his  investigation  of  the  lactic  acid. 
in  Phil.  Mag.xli.  241. 
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of  this,  the  liquid  be  suddenly  diluted  with  water,  a  white  sediment 
forms,  which  maybe  separated  by  decantation  and  washing. 

It  may,  also,  be  obtained  by  pouring  on  one  part  of  gum  arable  in 
a  stoppered  retort,  two  parts  of  nitric  acid:  applying  heat  a  short 
time,  till  a  little*  nitrous  and  carbonic  acid  gases  have  come  over, 
and  then  allow ing  the  mixture  to  cool.  A  white  powder  gra- 
dually separates,  from  which  the  liquid  is  to  be  decanted.  The 
powder,  alter  being  washed  several  times  with  cold  water,  is  sac- 
cholactic  acid.* 

.  This  acid  is  about  one  fourth  more  soluble  in  hot  than  in  cold 
water.  Of  the  former  it  requires  60  parts.  The  solution  is  acid, 
and  reddens  the  colour  of  litmus.  At  a  boiling  heat,  it  effervesces 
with  alkaline  carbonates  ;  and  unites  readily  with  alkalis  and  earths, 
forming  a  genus  of  salts  which  are  called  saccholactates.  With 
potash,  it  affords  a  salt  soluble  in  eight  times  its  weight  of  cold 
water,  and  crystallizable  on  cooling  ;  and  with  soda  a  salt  equally 
soluble,  and  requiring  only  five  parts  of  water  for  solution. 

The  saccholactic  acid  is  decomposed,  when  distilled  at  a  red- 
heat,  and  yields  an  acid  liquor,  which  deposits  needle-shaped  crys- 
tals. An  empyreunmtic  oil  is  also  formed,  and  a  considerable  quan- 
tity of  carbonic  acid  and  hydro-carburet  gases.  A  considerable  pro- 
portion of  charcoal  remains  in  the  retort.  Gay  Lussac  and  The- 
nard  have  determined  its  composition  to  be 

Carbon 33.69 

Oxygen 62.69 

Hydrogen  ....       3.62 

100. 

There  are,  therefore,  36  parts  of  oxygen  more  than  sufficient  to 
saturate  the  hydrogen. 

VI.  The  sebacic  acid  may  be  obtained  from  various  species  of  ani- 
mal fat.  The  simplest  process  for  separating  it  is  that  of  Guyton. 
To  hogs'-lard,  melted  in  an  iron  kettle,  add  pulverized  quicklime, 
and  stir  the  mixture  for  a  few  minutes,  raising  the  heat  towards 
the  end  of  the  process.  When  cold,  the  lard  will  be  found  to  have 
less  solidity.  Pour  on  it  a  large  quantity  of  water  ;  boil  them  toge- 
ther, and  filter  the  liquid.  A  brown  acid  salt  will  separate  on 
cooling,  consisting  of  lime,  united  with  sebacic  acid.  This  salt  is 
contaminated  with  an  admixture  of  oil,  from  which  it  may  be  sepa- 
rated by  a  degree  of  heat  barely  sufficient  to  decompose  the  oil. 
Re-dissolve  and  crystallize  the  residue;  and,  when  again  dry,  distil 
it  with  one  third  its  weight  of  sulphuric  acid,  diluted  with  water. 

*From  the  greater  facility  of  procuring  this  acid  from  gum,  it  appears  to  be 
the  most  appropriate'  base,  from  which  to  derive  its  name.  The  term  is  more 
easy,  and  its  compounds  especially  are  much  more  readily  and  harmoniously  re- 
cognised as  gummats,  than  as  saccholaclats.  The  acid  I  should  therefore  prefer 
t«  designate  by  the  name  of  gummic  acid.    C. 

3  T 
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Its  purity  from  the  latter  acid  may  be  ascertained  by  its  afford- 
ing, with  a  solution  of  acetate  of  lead,  a  precipitate  soluble  in 
nitric  acid. 

1.  The  scbacic  acid  is  liquid,  white,  and  has  a  penetrating  smell. 
It  reddens  vegetable  colours. 

2.  By  distillation  it  becomes  yellow,  gives  carbonic  acid,  and  is 
partly  decomposed. 

3.  It  unites  with  alkalis  ;  and,  when  mingled  with  nitric  acid,  dis- 
solves gold. 

4.  Nitrate  and  acetate  oflcad  give  a  precipitate,  soluble  in  acetic 
acid.  It  decomposes  the  muriate  of  mercury. 

According  to  Thenard,  the  acid  which  has  been  described  is 
merely  acetic  acid,  disguised  by  a  little  sulphurous  acid.  Besides 
this,  however,  there  is  a  different  acid  not  before  observed,  and 
which  is  really  sebacic  acid.  It  may  be  obtained  by  first  distilling 
hogs'-lard,  and  washing  the  product  with  hot  water.  The  watery 
solution,  poured  into  one  of  acetate  of  lead,  gives  a  flaky  precipi- 
tate, which  is  to  be  heated,  along  with  sulphuric  acid,  in  a  retort. 
No  acid  is  distilled  over;  but  on  the  surface  of  the  matter  in  the  re- 
tort, there  floats  a  substance  resembling  fat,  which,  may  be  separat- 
ed, and  washed  with  boiling  water.  The  water  entirely  dissolves 
it,  and  becomes  concrete  on  cooling. 

The  sebacic  acid,  thus  procured,  has  a  white  colour;  is  without 
smell ;  has  a  slightly  acid  taste,  and  reddens  infusion  of  litmus. 
When  heated,  it  melts  like  a  sort  of  fat ;  boiling  water  saturated 
with  it  becomes  solid  on  cooling.  Alcohol  dissolves  it  copiously. 
It  precipitates  acetates  and  nitrates  of  mercury  and  lead,  and  nitrate 
of  silver.  The  alkalis  are  neutralized  by  it,  and  form  soluble  salts, 
which  do  not  decompose  the  solutions  of  lime,  barytes,  or  stron- 
tites.  It  may  be  volatilized;  but  requires  a  higher  tempera- 
ture than  benzoic  acid,  which,  in  several  particulars,  it  resem- 
bles. Berzelius,  indeed,  considers  it  as  merely  benzoic  acid,  im- 
pregnated with  other  products  of  the  distillation  by  which  it  has 
been  obtained. 

VII.  The  firussic  acid  is  formed,  chiefly  during  the  decomposi- 
tion of  animal  substances,  at  high  temperatures.  Three  parts  of 
blood,  evaporated  to  dryness  in  an  iron  dish  are  to  be  mixed  with 
one  part  of  sub-carbonate  of  potash  (common  pearlash),and  calcin- 
ed in  a  crucible,  which  should  be  only  two  thirds  filled  by  the  ma- 
terials, and  loosely  covered  with  a  lid.  The  calcination  must  be 
continued  with  a  moderate  heat,  as  long  as  a  blue  flame  issues  from 
the  crucible  ;  and  when  it  becomes  faint,  and  likely  to  be  extin- 
guished, the  process  must  be  stopped.  Throw  the  mass,  when 
cold,  into  10  or  12  parts  of  water;  allow  it  to  soak  a  few  hours; 
and  then  boil  them  together  in  an  iron  kettle.  Filter  the  liquor, 
and  continue  pouring  hot  water  on  the  mass,  as  long  as  it  acquires 
any  taste.  To  this  solution,  add  another,  composed  of  two  parts  oi 
alum  and  one  of  sulphate  of  iron,  in  8  or  10  of  boiling  water  ;  and 
continue  the  mixture  as  long  as  any  effervescence  or  precipitation 
ensues.  Wash  the  precipitate  several  times  with  boiling  water. 
It  will  have  a  green  colour;  but,  on  the  addition  of  a  quantity  of 
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muriatic  acid,  equal  in  weight  to  twice  that  of  the  sulphate  of  iron 
which  has  been  used,  it  will  assume  a  beautiful  blue  colour.  Wash 
it  again  with  water,  and  dry  it  in  a  gentle  heat.  In  this  state  it  is 
the  pigment  called  Prussian  blue,  which  consists  of  a  mixture  of 
prussiate  of  iron,  witji  alumine.  Its  properties  have  already  been 
described.     (Chap.  xix.  sect.  8.  v.) 

From  prussiate  of  iron,  the  prussic  acid  may  be  separated  by  the 
following  process,  invented  by  Scheele. 

Mix  two  ounces  of  red  oxide  of  mercury,  prepared  by  nitric 
acid,  with  four  ounces  of  finely-powdered  Prussian  blue,  and  boil 
the  mixture  with  twelve  ounces  of  water  in  a  glass  vessel,  shak- 
ing frequently.  Filter  the  solution,  which  is  a  prussiate  of  mer- 
cury, while  hot ;  and,  when  cool,  add  to  it,  in  a  bottle,  two  ounces 
of  iron  filings,  and  six  or  seven  drachms  of  sulphuric  acid  ;  shake 
these  together,  decant  the  clear  liquor  into  a  retort,  and  distil  off 
one  fourth  of  the  liquor. 

The  distilled  liquor  is  the  prussic  acid,  which  does  not,  like  most 
other  acids,  redden  vegetable  blue  colours,  though  it  combines 
with  alkaline  and  earthy  bases. 

Prussic  acid  has  the  following  properties : 

1.  It  is  capable  of  assuming  a  gaseous  form,  and  may  be  collect- 
ed in  that  state  over  mercury,  by  heating,  in  a  retort,  the  crys- 
tallized ferro-prussiate  of  potash  with  dilute  sulphuric  acid.  Tnis 
gas  is  absorbed  by  alcohol,  and  forms  a  permanent  combination 
with  it ;  but  its  solution  in  water  undergoes  spontaneous  decom- 
position, becomes  yellow  in  a  few  months,  and  deposits  charcoal. 
The  gas  has,  also,  a  constant  tendency  to  escape  from  its  watery 
solution. 

2.  Prussic  acid  gas  is  inflammable,  and  is  instantly  decomposed 
by  contact  with  chlorine  gas. 

3.  When  received  into  the  lungs  of  small  animals,  it  is  speedily 
fatal ;  and  its  watery  solution,  when  taken  into  the  stomach,  proves 
almost  instantly  poisonous.* 

4.  In  its  pure  state,  it  becomes  a  liquid  at  ordinary  tempera- 
tures, as  Gay  Lussac  has  shown.  To  obtain  it  in  this  state,  prussic 
acid  gas  was  disengaged  from  prussiate  of  mercury  by  muriatic 
acid,  and  after  passing  through  two  bottles  containing  dry  muriate 
of  lime  and  chalk,  was  condensed  in  a  third,  which  was  surrounded 
by  a  freezing  mixture. 

5.  Liquid  prussic  acid,  thus  procured,  is  a  limpid  and  colourless 
fluid.  Its  taste  is  at  first  cool,  but  soon  becomes  hot  and  acrid. 
Though  rectified  from  chalk,  it  still  reddens  litmus  paper  slightly. 
Its  specific  gravity  at  45°  Faht.  is  .7058.  It  is  highly  volatile,  and 
boils  at  79°  Faht. ;  at  68°  it  supports  a  column  of  mercury  at  very 
nearly  15  inches;  and  it  increases,  five  fold,  the  bulk  of  any  gas 
with  which  it  is  mixed.  It  congeals  at  the  temperature  produced 
by  snow  and  salt,  and  liquefies  at  5°  Faht.  A  drop  of  it  placed  on 
paper  becomes  solid  instantly,  because  the  cold,  produced  by  the 

*  Robert,  92  Ann.  de  Chim  5?. 
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evaporation  of  one  portion,  reduces  the  temperature  of  the  re- 
mainder below  its  freezing  point. 

6.  It  does  not  appear  to  have  a  strong  affinity  for  alkalis ;  nor 
does  it  take  them  from  carbonic  acid  ;  for  no  effervescence  arises 
on  adding  it  to  a  solution  of  alkaline  carbonates.  On  the  contrary, 
its  combinations  with  alkalis  and  earths  are  decomposed  by  expo- 
sure to  carbonic  acid,  even  when  highly  diluted,  as  in  atmospheric 
air.  It  readily  combines,  however,  with  pure  alkalis  ;  and  forms 
crystal:izable  salts,  which  have  an  excess  of  alkali,  are  soluble  in 
alcohol;  and  are  incapable  of  forming  Prussian  blue  with  salts  con- 
taining the  peroxide  of  iron  But  these  simple  prussiates,  by  com- 
bination with  protoxide  of  iron,  acquire  all  the  characters  of  tnple 
prussiates. 

A  new  and  ingenious  view  of  the  nature  of  the  triple  prussiates 
has  lately  been  taken  by  Mr.  Porrett,  in  the  Philosophical  Trans- 
actions for  1814.  He  considers  them,  indeed,  not  as  tri/ile  salts, 
but  as  binary  compounds  of  the  respective  bases  with  an  acid, 
which  is  constituted  of  the  elements  of  prussic  acid,  united  with 
the  protoxide  of  iron.  That  this  oxide  is  really  an  element  of  the 
acid,  and  not  a  base,  he  has  rendered  highly  probable  by  deter- 
mining, that  when  prussiate  of  soda  in  solution  is  exposed  to  the 
agency  of  galvanic  electricity,  the  black  oxide  of  iron  is  carried 
along  with  the  elements  of  the  prussic  acid,  to  the  positive  pole ; 
whereas,  if  it  had  existed  in  the  salt  as  a  base,  it  would  have  ap- 
peared at  the  negative  pole. 

This  compound  acid  he  obtained  in  a  state  of  watery  solution, 
by  adding,  to  a  solution  of  triple  prussiate  of  barytes,  just  sulphuric 
acid  enough  to  precipitate  the  barytic  earth.  Its  characters  he 
describes  as  follows  : 

It  has  a  pale  lemon  yellow  colour;  has  no  smell  ;  is  decomposed 
by  a  gentle  heat,  or  by  exposure  to  a  strong  light ;  in  which  case 
prussic  acid  is  formed,  and  white  triple  prussiate  of  iron  which,  by 
absorbing  oxygen,  becomes  Prussian  blue.  With  alkalis,  earths, 
and  oxides,  it  forms,  directly,  the  salts  called  triple  prussiates.  It 
displaces  the  acetic  acid  from  all  its  combinations  ;  and  also  de- 
taches, from  other  acids,  those  bases,  with  which  it  is  susceptible 
of  forming  compounds,  that  are  insoluble  in  acids.  As  it  is  decom- 
posed by  heat,  this  acid  can  never  be  obtained  by  distillation.  In 
that  case,  prussic  acid  and  triple  prussiate  of  iron  are  always 
formed. 

This  view  of  the  subject  explains  why  the  iron,  in  triple  prus- 
siates, is  not  discovered  by  the  most  delicate  tests  ;  for  it  can  no 
more  be  affected  by  them,  than  sulphur  can  be  indicated  by  its 
appropriate  tests,  when  existing  in  sulphuric  acid. 

In  the  nomenclature  of  prussic  acid  and  its  compounds,  Mr. 
Porrett  has  not  proposed  any  change  ;  but  for  the  peculiar  acid, 
which  it  affords  when  combined  with  protoxide  of  iron,  he  sug- 
gests the  name  oi/erruretted  chyazic  acid ;  and  its  compounds  he 
terms  ferruretted  chyazates.  It  would,  perhaps,  have  been  pre- 
ferable to  have  designated  these  bodies  by  the  names  ferro-firussic 
acid,  and  ferro-firussiates  ;  at  least  these  names  have  the  advantage 
of  greater  brevity  ;  and,  for  that  reason,  I  shall  employ  them. 
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Beside  the  protoxide  of  iron,  Mr.  Porrett  finds  that  there  are 
other  substances,  which  are  capable  of  forming,  with  the  elements 
of  prussic  acid,  peculiar  acids,  characterized  by  a  distinct  train  of 
properties.     Sulphur  is  one  of  these  bodies. 

Sulfihuretted  chyazic,  or  sulphuretted  /irussic  acid,  was  first  ob- 
tained by  Mr.  Porrett,  by  decomposing  Prussian  blue  with  sul- 
phuret  of  potash.  To  a  heated  solution  of  one  part  of  the  latter, 
three  or  four  parts  of  Prussian  blue  in  powder  are  to  be  added  at 
distant  intervals  ;  and  the  liquid,  which  contains  the  compound  in 
question,  along  with  several  neutral  salts,  is  to  be  filtered  :  Or  a 
solution  of  prussiate  of  mercury  may  be  decomposed  by  hydro* 
gurelted  sulphuret  of  potash  :  Or,  lastly,  a  mixture  of  animal  char- 
coal and  sulphuret  of  potash  may  be  calcined,  in  a  red  heat,  for 
some  hours,  and  the  product  lixiviated.  The  clear  liquor  (however 
obtained)  is  to  be  supersaturated  with  sulphuric  acid  ;  and  kept, 
for  a  short  time,  at  nearly  the  boiling  point.  A  little  finely  pow- 
dered oxide  of  manganese,  added  when  cold,  turns  the  liquid  a 
beautiful  crimson.  A  solution  of  two  parts  sulphate  of  copper,  and 
three  of  green  sulphate  of  iron,  is  to  be  added,  till  this  colour  dis- 
appears. A  white  precipitate  falls,  which  is  a  compound  of  pro- 
toxide of  copper  with  sulphuretted  prussic  acid.  .The  acid  may 
then  be  transferred  to  potash,  by  boiling  the  precipitate  with  that 
alkali ;  and  it  may  be  obtained  separate,  by  distilling  the  liquid  with 
sulphuric  acid. 

The  sulphuretted  chyazic  or  prussic  acid  is  generally  colourless, 
but  sometimes  pinkish  ;  it  has  the  specific  gravity  1.022  ;  and  it  has 
a  smell,  resembling  that  of  strong  acetic  acid.  It  dissolves  sul- 
phur when  boiling,  but  lets  the  greater  part  fall  again  on  cooling. 
It  forms,  with  nitrate  of  silver  and  pro-nitrate  of  mercury,  white 
precipitates.  With  alkaline  and  earthy  bases,  it  composes  a  dis- 
tinct genus  of  neutral  salts.* 

VIII.  The  zoonic  acid  has  been  shown  by  Thenard  to  be  merely 
the  acetous,  holding  some  animal  matter  in  solution.  The  formic 
acid,  or  acid  of  ants,  was  submitted  to  a  course  of  experiments  by 
Fourcroy  and  Vauquelin,  who  inferred  that  it  is  merely  a  mixture 
of  acetic  and  malic  acids.  This  conclusion  was  opposed  by  the 
experiments  of  Suersen,  who  endeavoured  to  prove  that  the  formic 
is  really  a  peculiar  acid  ;  but  its  identity  with  the  acetic  has  since 
been  confirmed.f  Gehlen,  however,  has  lately  published  a  scries 
of  experiments,  the  object  of  which  is  to  prove  that  the  formic  is 
really  a  peculiar  acid.  Its  smell  and  taste  differ,  he  alleges,  entire- 
ly from  those  of  acetic  acid.  When  sufficiently  cook  d,  it  becomes 
solid,  but  docs  not  crystallize.  Its  specific  gravity  is  1  1  16S  ;  when 
diluted  with  an  equal  weight  of  water,  it  becomes  1.080;  and  with 
twice  its  weight,  10296;  in  all  which  respects  it  differs  from  acetic 
acid.} 


*  This  view  of  the  prussic  acid  and  its  compounds,   is  in  a  great  m 
destroyed  by  later  experiments  on  the  subject  by  Guv  Lussac,  who  lias  given 
entirely  new  set  of  names  to  the  Acid  and  its  Compounds.   It  remains  he 
vet  to  be  known  which,  or  whether  either  opinion  is  to  he  adopted      C. 
t  Ann.  de  Chim.  lxiv.  48.  *  Thomson's  Ann.  v.  24. 
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CHAPTER  XXIII. 

OF    THE    MORE    COMPLEX    ANIMAL    PRODUCTS. 

ALL  arrangements  of  the  various  substances,  that  compose  the 
animal  body,  must,  in  the  present  state  of  our  knowledge,  be  en- 
tirely arbitrary;  and  it  can,  therefore,  be  of  little  consequence 
which  of  them  is  adopted.  The  most  obvious  division  is  that 
which  distributes  them  into  fluids  and  solids,  and  this  order  I  shall 
follow  in  the  description  of  their  individual  properties.  A  minute 
history,  however,  of  all  the  variety  of  animal  compounds  would  be 
foreign  to  the  purpose  of  this  work,  and  could  not  be  given  without 
very  long  details.  For  this  reason,  I  shall  notice,  at  greatest  length, 
those,  which  are  most  interesting  from  their  connection  with  ani- 
mal physiology. 


SECTION  I. 

Of  the  Blood — Respiration,  ls"c. 

The  blood,  when  examined  as  soon  as  it  has  been  drawn  from 
the  body,  is  a  smooth  and  apparently  homogeneous  fluid;  viscid  to 
the  touch  ;  and  of  a  specific  gravity  exceeding  that  of  water,  in 
the  proportion  of  from  1053  or  1126  to  1000.  A  vapour  present- 
ly exhales  from  it,  which  has  a  peculiar  smell,  but  which  does  not, 
when  condensed,  afford  a  liquid  differing  essentially  from  water. 
In  a  few  minutes,  a  thin  film  appears  on  the  surface ;  and,  after  a 
short  time,  the  whole  mass  becomes  coherent.  When  it  has  re- 
mained some  time  in  this  gelatinous  state,  a  more  complete  sepa- 
ration of  its  principles  ensues.  Drops  of  a  yellowish  liquid  ooze 
out  from  beneath  the  surface  of  the  mass;  and,  at  length,  the 
whole  is  resolve'd  into  two  parts,  a  firm  red  substance  called  the 
cruor,  crassamenium,  or  clot;  and  a  yellowish  liquid  termed  se- 
rum. The  proportion  of  these  parts  varies  considerably  ;  the  cras- 
samentum  being  much  more  abundant  in  vigorous  well  fed  ani- 
mals, than  in  such  as  have  been  debilitated  by  disease  or  by  poor 
living. 

The  period,  at  which  coagulation  begins,  varies  not  only  with 
the  condition  of  the  blood  itself,  but  with  the  circumstances  in 
which  it  is  placed.  It  commences  sooner  as  the  vessel  is  more 
shallow;  but,  on  an  average,  it  may  be  said  to  begin  in  about  3£ 
minutes,  and  to  be  completed  in  seven.  Fourcroy  states  that,  dur- 
ing coagulation,  caloric  is  evolved  ;  and  this  fact,  which  required 
confirmation,  has  been  placed  beyond  a  doubt  by  the  experiments 
of  Dr.  Gordon,  who  found  the  coagulating  part  of  a  quantity  of 
blood  warmer  than  the  rest,  by  from  6°  to  12°  Faht.* 

*  Thomson's  Annals,  iv.  139. 
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The  serum  is  an  apparently  homogeneous  fluid,  with  a  yellowish 
and  sometimes  slightly  greenish  tinge  ;  is  unctuous  to  the  touch 
and  saltish  to  the  taste.  lis  specific  gravity  is  very  variable,  but 
on  the  average  is  about  1029.  When  exposed  to  a  hrat  of  160°, 
and  still  more  readily  in  that  of  212°,  serum  is  converted  into  a 
pretty  firm  white  mass.  This,  in  fact,  is  merely  coagulated  albu- 
men, the  properties  of  which  have  been  already  described.  When 
cut  into  slices,  and  subjected  to  gentle  pressure,  a  small  quantity 
of  a  slightly  opake  liquor,  of  a  saline  taste  and  a  peculiar  odour, 
oozes  from  it,  which  is  called  the  serosily.  This  fluid  has  gene- 
rally been  considered  as  holding  gelatine  in  solution  ;  but  Dr.  Bos- 
tock has  found  reason  to  doubt  the  accuracy  of  the  opinion ;  in 
which  conclusion  he  is  supported  by  Brande  and  Berzelius. 

Mr.  Brande  coagulated  two  fluid  ounces  of  serum,  and  digested 
the  coagulum,  cut  into  slices,  in  four  fluid  ounces  of  distilled  wa- 
ter, which  was  afterward  separated  by  means  of  a  filtre.  The  li- 
quid, when  evaporated  to  half  an  ounce,  gelatinized  on  cooling, 
and  was  precipitated  by  an  infusion  of  tan ;  but  this  effect  might 
equally  well  be  produced  by  the  presence  of  albumen  ;  and  deci- 
sive evidence  of  the  presence  of  the  latter  substance  was  obtained, 
by  placing  some  of  the  fluid  in  the  Voltaic  circuit,  when  a  rapid 
coagulation  of  albumen  took  place  round  the  negative  wire.  Af- 
ter having  coagulated,  by  galvanic  electricity,  all  the  albumen  of  a 
portion  of  serum,  the  residuary  liquor  gave  no  indications  of  gela- 
tine. Mr.  Brande,  therefore,  infers,  that  the  serosity  consists  of  al- 
bumen, in  combination  with  a  large  proportion  of  alkali.* 

The  serosity,  according  to  Berzelius,  contains  no  sulphuric  acid, 
and  only  a  vestige  of  the  phosphoric;  but  it  consists  of  water,  of 
pure  soda  holding  albumen  in  solution,  of  muriates  of  soda  and 
potash,  of  lactate  of  soda,  and  an  animal  matter,  which  always  ac- 
companies the  lactate.!  The  solid  contents  of  the  serosity,  Dr. 
Bostock  finds  to  vary  from  -^th  to  7\,th  of  its  weight;  but  on  an 
average,  they  may  be  stated  at  -j^th.  It  has  been  a  subject  of 
controversy, \  which  of  the  mineral  alkalis  exists  in  serum  in  an 
uncombined  form.  Dr.  Pearson  maintains  that  it  is  potash  ;  but 
Drs.  Bostock,  Berzelius,  and  Marcet,  allege  that  it  is  soda ;  and 
the  evidence  preponderates  in  favour  of  the  latter  opinion. 

When  serum  is  evaporated,  at  a  heat  below  that  required  for 
its  coagulation,  it  yields  a  yellowish  semi-transparent  mass,  resem- 
bling amber,  that  splits  to  pieces  in  drying,  and  amounts  to  about 
95  grains  from  1000  of  serum.  This  substance  softens  in  water, 
and  becomes  gelatinous ;  and  about  36  per  cent,  of  its  weight  are 
dissolved,  and  may  be  passed  through  a  filtre.  The  insoluble  part 
is  albumen;  and  much  of  this  exists,  also,  in  the  filtered  liquor, 
beside  the  neutral  salts,  which  have  already  been  mentioned. 

The  mineral  acids  coagulate  serum,  and  so  completely,  that  no 
albumen  remains  in  the  serosity.     The  insoluble  compounds,  which 

*  Phil. Trans.  1812.  -(-Thomson's  Annals,  ii.  201. 

*  See  Medico-Chir.  Trans,  ii.  356,  368;  and  Nicholson's  Journal,  vols.  30, 
31,  oo. 
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are  produced,  exactly  resemble  those  of  the  same  acids  with  fibrin  ; 
and  the  action  of  alcohol  is  tne  same  in  both  cases.  Hence  Uer- 
zelius  contends,  that  there  is  very  little  difference  between  albu- 
men and  fibrin.  The  only  character  of  distinction  between  them 
appears  to  be,  that  albumen  does  not  coagulate  spontaneously,  but 
requires  a  high  temperature;  and  from  this  circumstance,  it  is 
less  rapidly  soluble  than  fibrin  in  acetic  acid. 

The  serum  of  human  blood  is  composed,  according  to  Beizelius, 
of 

Water 905.0 

Albumen 80.0 

Substances  soluble  in  alcohol,  viz. 

Muriates  of  potash  and  soda  .         .       6>        .Q0 

Lactate  of  soda  and  animal  matter  .       4  $ 

Substances  soluble  in  water  only. 

Soda,  phosphate  of  soda,  and  a  little  animal 

matter     .......  4.1 

Loss 0.9 


1000. 


This  analysis  agrees  very  remarkably  with  one  of  Dr.  Marcet, 
who  obtained  the  following  ingredients.  The  substance,  termed 
by  him  muco-extractive  matter,  is  doubtless  impure  lactate  ot  soda  ; 
and  the  sulphate  of  potash,  and  earthy  phosphates,  were  probably 
formed  by  the  combustion. 

A  thousand  parts  of  human  serum  contain, 


Water 

900.00 

Albumen 

8680 

Muriates  of  potash  and  soda 

6.60 

Muco-extractive  matter 

4.00 

Subcarbonate  of  soda 

1.65 

Sulphate  of  potash 

0.35 

Earthy  phosphates 

0.60 

1000. 


Vogel  considers  sulphur  as  another  constituent  of  serum  ;  for  he 
finds  that  when  serum  is  kept  for  some  days,  at  the  temperature  of 
between  75  and  90°  Fahrenheit,  a  gas  exhales  from  it,  which  ren- 
ders legible  characters  written  on  paper  with  acetate  of  lead.* 
The  same  experiment  was  found  to  answer  with  the  bile  and  urine; 
but  it  can  scarcely  be  regarded  as  a  proof,  that  the  blood  contains 
sulphur  as  auch,  or  in  any  state  but  that  of  intimate  combination. 


*  Ann.  de  Chim.  vol.  87. 
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The  crassa?ncntum  or  clot  is  resolvable  into  two  parts,  viz.  what 
lias  been  called  coagulablc  lymph  or  Jibrvi  and  red  globules.  The 
separation  may  be  accomplished  by  long  continued  washing  with 
water,  which  dissolves  the  red  globules  only,  and  leaves  the  fibrin. 
Its  properties  differ  scarcely  at  all  from  those  of  fibrin  obtained  by 
the  long  boiling  of  muscular  flesh. 

Fibrin^  as  it  is  contained  in  the  blood,  is  held  in  a  state  of  solu- 
tion ;  and  it  is  still  a  question  to  what  cause  its  spontaneous  coagu- 
lation is  owing.  That  it  does  notarise  from  the  absorption  of  oxy- 
gen, is  plain  from  the  fact  that  blood,  by  exposure  to  oxygen  gas, 
has  its  coagulation  retarded.  Hydrogen  gas,  also,  delays  its  coagu- 
lation ;  but  carbonic  acid,  nitrous,  and  nitrogen  gases  accelerate  it. 
In  vacuo,  Mr.  Hunter  states  that  it  occurs  at  the  usual  period  ;  but 
it  is  not  easy  to  conceive  under  what  circumstances  such  an  expe- 
riment could  be  fairly  made.  When  intercepted  in  a  living  vessel, 
as  by  placing  ligatures  on  a  vein,  Mr.  Hewson  found  that  blood  re- 
mained imperfectly  fluid  for  several  hours.  That  mere  rest  is  not 
sufficient  to  produce  its  coagulation  appears,  also,  from  the  fact,  that 
the  blood  continues  fluid  in  cases  where  the  circulation  is  suspend- 
ed throughout  the  whole  system  ;  as  in  fainting,  and  in  suffocation 
from  drowning,  and  other  causes.  The  coagulability  of  fibrin  is  de- 
stroyed, also,  without  our  being  able  to  explain  the  fact,  in  animals 
killed  by  electricity  and  lightning  ;  by  a  blow  on  the  stomach  ;  by 
the  poison  of  the  viper ;  o.  by  violent  passions  of  the  mind.  In 
some  diseases,  on  the  contrary,  its  tendency  to  coagulation  is  great 
ly  increased. 

The  red  globules  of  the  blood  (that  part  to  which  its  peculiar  co- 
lour is  owing)  were  first  attentively  observed  and  accurately  de- 
scribed by  Mr.  Hewson.  As  their  name  imports,  they  have  a  glo- 
bular figure,  which  is  sufficiently  visible  with  the  aid  of  the  micro- 
scope. They  appear  to  dissolve  readily  in  water,  and  tinge  it  with 
their  own  peculiar  colour ;  but  Dr.  Young  finds  that  the  globule 
remains  entire,  though  colourless.  They  are  soluble  in  alkalis, 
acids,  and  alcohol,  but  not  in  the  serum.  The  watery  liquid  turns 
syrup  of  violets  green  ;  and,  after  some  time,  deposits  a  flocculent 
precipitate,  doubtless  from  the  coagulation  of  albumen,'  the  pre- 
sence of  which  is  indicated,  also,  by  the  effect  of  boiling  the  solu- 
tion. It  seems  to  consist  of  albumen,  dissolved  by  an  excess  of  pure 
soda.  When  evaporated  and  calcined  in  a  crucible,  a  residuum  is 
obtained,  amounting  to  about  ^fa  of  the  weight  of  solid  matter,  and 
composed,  according  to  Fourcroy  and  Vauquelin,  chiefly  of  sub- 
phosphate  of  iron. 

It  has  been  contended  that  the  red  colour  of  the  blood  is  owing  to 
the  iron  which  it  contains,  but  this  opinion  has  been  completely 
set  aside  by  Prof.  Bcrzelius  and  Mr.  Bi  ancle.  The  former,  indeed, 
admits  that  a  small  quantity  of  oxide  of  iron  exists  in  the  ashes  of 
the  colouring  matter  ;  while  none,  or  at  least  an  infinitely  small  por- 
tion, is  afforded  by  the  other  ingredients  of  blood.  He  cut  the  cras- 
samentum  into  thin  slices,  and  placed  them  on  blotting  paper  ;  and 
after  this  had  ceased  to  draw  out  any  moisture,  he  dried  the  slices. 
Four  hundred  grains  of  the  dried  substance  left,  after  incineration, 

3  z 
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five  grains  of  ashes,  which  were  composed    (supposing  100  to  have 
been  operated  on)  of 

Oxide  of  iron           .         .         .  50.0 

Sub-phosphate  of  iron       .          .  7.5 
Phosphate  of  lime  with  a  small 

quantity  of  magnesia            .  6.0 

Pure  lime          ....  20.U 

Carbonic  acid  and  loss      .         .  16  5 

too. 

The  iron  in  colouring  matter  is  not,  however,  in  such  a  state,  as 
to  admit  of  its  being  detected  by  the  nicest  tests  of  that  metal,  umil 
the  composition  ot  the  colouring  matter  is  destroyed.  Nor  is  there 
any  truth  in  the  synthetic  proof  alleged  by  Fourcroy,  that  sub- 
fihosfihate  of  iron  dissolves  in  albumen,  and  imparts  to  it  a  bright 
red  colour,  resembling  that  of  blood. 

To  procure  the  colouring  matter  of  blood  in  a  detached  state,  Mr. 
Brande  employed  venous  blood,  stirred  during  its  coagulation. 
The  fibrin  is  thus  removed  ;  and  the  colouring  matter  is  diffused 
through  the  serum,  from  which  it  gradually  subsides  in  a  very  con- 
centrated form.  It  retains,  indeed,  some  serum ;  but  this  does 
not  interfere  with  the  effects  of  various  agents  upon  the  colouring 
principle. 

The  aqueous  solution  has  a  bright  red  colour,  and  is  not  very 
prone  to  putrefaction.  It  is  not  altered  by  any  temperature  below 
19.  °  or  200°  Fahrenheit ;  but  at  higher  temperatures,  it  becomes 
turbid,  and  deposits  a  pale  brown  sediment.  Ii  the  fluid  be  poured 
upon  a  filtre,  water  passes  through  colourless  ;  so  that  exposure  to 
heat  destroys  the  solubility  of  colouring  matter. 

Diluted  sulphuric  and  muriatic  acids,  and  acetic,  oxalic,  citric, 
and  tartaric  acids,  dissolve  the  colouring  matter,  and  extract  it 
from  the  crassamentum.  The  solution  has  more  or  less  of  a  scar- 
let hue,  according  to  the  acid  employed ;  but  it  is  always  green, 
when  viewed,  in  narrow  tubes,  by  transmitted  light.  Nitric  acid  de- 
stroys the  red  colour,  and  converts  it  to  a  brown. 

The  pure  and  carbonated  alkalis  dissolve  the  red  matter,  the  co- 
lour of  which  remains  unimpaired.  The  solution  in  liquid  ammo- 
nia approaches  nearest  to  scarlet.  When  these  solutions  are 
supersaturated  with  muriatic  or  sulphuric  acids,  the  liquid  acquires 
a  colour,  similar  to  the  original  solution  of  the  colouring  matter  by 
those  acids. 

Alumine  cannot  be  brought  to  form  a  permanent  red  compound 
with  the  colouring  principle  of  the  blood.  But  when  the  colouring 
matter  is  left  to  stand  a  few  clays,  in  contact  with  a  solution  of  the 
crystallized  muriate  ol  tin,  a  bright  red  powder  precipitates,  which 
is  a  combination  of  the  colouring  matter  with  oxide  of  tin.  When 
kept  in  water,  it  sustains  no  change  of  colour ;  but  when  dried  by 
exposure  to  air,  it  loses  its  brilliant  tint,  and  assumes  a  dull  red 
hue. 
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The  most  effectual  mordaunts,  which  Mr.  Brande  discovered  for 
the  colouring  matter,  are  solutions  oi  mercury  (especially  the  ni- 
trate) and  corrosive  sublimate.  When  cither  of  those  salts  was 
added  to  a  watery  solution  of  the  colouring  matter,  a  deep  red  com- 
pound was  deposited,  and  the  liquid  became  colourless.  Woollen 
cloth,  also,  first  impregnated  in  these  solutions,  and  then  dipped 
into  the  aqueous  solution  of  colouring  matter,  acquired  a  perma- 
nent red  dye,  unalterable  by  washing  with  soap 

It  appears,  therefore,  that  the  colouring  principle  of  the  blood  is 
an  animal  substance  of  a  peculiar  nature,  susceptible,  like  the  co- 
louring matter  from  vegetables,  of  uniting  with  bases,  and  admitting, 
probably,  of  important  use  in  the  art  of  dyeing.  On  examining  the 
colouring  matter,  distinctly  from  the  crassamentum,  Mr.  Brande 
did  not  discover  a  greater  proportion  of  iron,  than  in  the  other  prin- 
ciples of  blood  ;  and  the  theory  may,  therefore,  be  considered  as 
completely  set  aside,  which  accounts  for  the  red  colour  of  the  blood 
by  the  presence  of  iron. 

It  is  doubtless  on  the  red  globules  of  the  blood  that  the  differ- 
ent gases  act,  which  produce  su  h  remarkable  changes  in  the  co- 
lour of  the  entire  fluid.  Nitrogen  gas  blackens  arterial  blood,  and, 
according  to  Girtanner,  venous  blood  also.  In  an  experiment  of 
Dr.  Priestley,  it  appeared  that  the  bulk  of  a  quantity  of  nitrogen 
gas,  to  which  arterial  blood  was  exposed,  sustained  a  diminution. 
Blood,  which  has  had  its  colour  thus  impaired,  it  was  found  by  the 
same  philosopher,  may  be  restored  to  its  bright  florid  hue,  by  agi- 
tation with  oxygen  gas  ;  and  these  changes  may,  at  pleasure,  be  re- 
peated alternately.  Oxygen  gas,  to  which  blood  is  exposed,  is  di- 
minished in  volume,  and  contaminated  by  carbonic  acid.  Atmo- 
spheric air  undergoes  the  same  change  in  consequence  of  the 
oxygen  which  it  contains,  but  in  a  less  remarkable  degree. 

Similar  alterations  arc,  also,  constantly  going  on  in  the  blood, 
during  its  circulation  through  the  living  body.  In  the  veins  it  is 
of  a  dark  red  colour,  inclining  to  purple.  In  this  state  it  arrives  at 
the  right  ventricle  of  the  heart,  by  the  contraction  of  which  it  is 
driven  into  the  pulmonary  artery.  This  artery  is  distributed,  by 
extremely  minute  ramifications,  over  the  .whole  surface  ol  the  air- 
cells  of  the  lungs;  and,  in  these,  the  blood  is  exposed  to  the  action 
of  atmospherical  air,  through  the  slender  coats  of  the  blood  vessels. 
Here  it  acquires  a  bright  vermillion'c.olour ;  and,  returning  to  the 
left  ventricle  of  the  heart  by  the  pulmonary  veins,  it  is  distributed, 
by  the  contraction  of  this  ventricle,  through  the  whole  body.  In 
its  course  it  ioses  its  florid  colour, and,  after  traversing  the  system, 
returns  to  the  lungs,  to  be  once  more  fitted  for  the  performance  ol 
its  functions. 

The  function  of  inspiration  consists  of  two  distinct  actions, 
that  of  inspiration,  by  which  the  air  is  drawn  into  the  lungs;  and 
that  of  expiration,  by  which  it  is  expelled,  after  having  served  the 
purpose  for  which  it  was  inhaled.  By  an  easy  natural  inspiration, 
about  twenty  cubic  inches  may,  perhaps,  on  an  average,  be  the 
quantity  taken  in.     It  appears,  also,  from   the  recent  experiments 
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of  Messrs.  Allen  and  Pcpys,*  that  the  same  quantity  is  expired, 
with  little  il  any  diminution.  Atmospheric  air,  alter  being  once 
only  admitted  into  the  lungs,  returns  charged  with  8  or  8 J  fier 
cent,  of  carbonic  acid  gas.  If  the  same  portion  be  breathed  re- 
peatedly, considerable  uneasiness  is  experienced  ;  but  the  quantity 
of  carbonic  acid  cannot  be  increased  beyond  10  fier  cent.  When 
the  state  of  the  expired  air  is  examined  by  eudioinetrical  tests,  a 
quantity  of  oxygen  is  found  to  have  disappeared,  equal  in  volume, 
according  to  the  experiments  of  the  same,  accurate  chemists,  to 
the  carbonic  acid  which  has  been  formed.  Now  as  carbonic  acid 
has  been  proved  to  contain  exactly  its  own  bulk  of  oxygen  gas,  it 
follows  that  all  the  oxygen,  which  disappears  in  respiration,  must 
have  been  expended  in  forming  this  acid;  and  that  no  portion  of 
it  has  united  with  hydrogen  to  form  water.  It  may  still,  however, 
be  doubted,  whether  the  oxygen  is  absorbed  through  the  coals  of 
the  vessels,  and  displaces  carbonic  acid,  which  maybe  supposed  to 
have  pre-existed  in  the  blood;  or  whether  this  acid  be  not  rather 
generated  by  the  union  of  the  inspired  oxygen  with  the  carbon  of 
that  fluid.  Of  the  two  suppositions,  the  latter  appears  to  be  the 
most  probable. 

The  only  change,  then,  that  has  been  satisfactorily  proved  to 
take  place  in  respired  atmospherical  air,  is  the  removal  of  a  certain 
quantity  of  oxygen  (its  nitrogen  being  wholly  untouched),  and  the 
substitution  of  a  precisely  equal  volume  of  carbonic  acid  gas. 
When,  however,  pure  oxygen  gas  is  respired,  by  an  herbivorous 
animal,  Messrs.  Allen  and  Pepys  have  found  that  it  cannot  all  be 
traced  into  this  combination  ;  but  that  a  portion  of  oxygen  has  dis- 
appeared, and  has  been  replaced  by  a  corresponding  quantity  of 
nitrogen. f  The  addition  of  nitrogen  appears  to  be  made  also, 
when  a  mixture  of  hydrogen  and  oxygen  gases  is  breathed,  in 
which  the  latter  is  in  the  same  proportion  as  in  atmospherical  air. 
This  mixture,  it  was  found,  may  be  respired  for  an  hour  without  in- 
convenience. The  substitution  of  nitrogen  for  the  oxygen  origi- 
nally inhaled  is  a  fact  of  considerable  importance,  and  in  the  pre- 
sent state  of  our  knowledge  altogether  inexplicable.! 

Besides  carbonic  acidv  a  portion  of  watery  vapour  is  emitted 
from  the  lungs,  and  in  a  quantity  sufficient  to  be  visible  when  the 
atmosphere  is  of  a  low  temperature.  From  various  experiments, 
it  may  be  inferred  to  amount  to  about  three  grains  in  a'  minute. 
Until  lately  the  water,  thus  exhaled,  was  supposed  to  be  generated 
in  the  lungs,  by  the  union  of  the  inspired  oxygen  with  the  hydro- 
gen of  the  blood  ;  but  this  hypothesis  is  inconsistent  with  the  expe- 
riments of  Messrs.  Allen  and  Pepys,  which  have  traced  the 
whole  of  the  oxygen  into  combination  with  carbon.     It  is  proba- 


*  Philosophical  Transactions,  1808.  f  Ditto,  1809. 

\  How  to  explain  the  origin  of  the  nitrogen  above  mentioned  in  the  case 
where  pure  oxygen  gas  is  respired,  I  cannot  surmise  ;  I  think,  however,  its  ap- 
pearance in  the  other  case,  in  which  hydrogen  was  substituted  for  nitrogen, 
gives  some  considerable  support  to  the  opinion  of  nitrogen  being  a  compound 
of  oxygen  and  hydrogen.    C. 
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l)ly  therefore  nothing  more  than  the  condensed  vapour  of  a  por- 
tion of  that  fluid,  which  is  ordinarily  secreted  into  the  bronchial 
cells. 

An  important  purpose  of  the  function  of  respiration  is,  that  it 
contributes  to  that  equable  temperature,  which  the  animal  body 
preserves,  amidst  all  the  changes  in  the  surrounding  medium. 
This  is  peculiarly  the  property  of  living  matter;  for  all  other  bo- 
dies have  the  same  degree  of  heat  with  the  substances  that  are  in 
contact  with  them.  In  the  human  body,  the  temperature  varies  only 
a  very  few  degrees  from  96°,  whether  it  be  exposed  to  a  cold  of 
many  degrees  below  the  freezing  point;  or  whether  it  be  surround- 
ed by  an  atmosphere,  little  short  of  the  heat  of  boiling  water. 
There  must,  then,  be  certain  processes  in  the  animal  economy,  by 
which,  in  the  former  case,  caloric  is  reduced  from  a  latent  form  to 
that  of  temperature  ;  and,  in  the  latter  case,  by  which  the  great  ex- 
cess of  caloric  is  absorbed,  and  prevented  from  becoming  injurious 
by  iis  accumulation. 

We  are  ignorant  of  those  precise  differences,  which  constitute 
the  distinction  between  venous  and  arterial  blood,  or  in  what  way 
the  function  of  respiration  converts  the  former  into  the  latter.  A 
fact,  however,  of  considerable  importance,  on  this  subject,  has 
been  discovered  by  Dr.  Crawford.  The  capacity  of  arterial  blood 
for  caloric  he  found  to  be  superior  to  that  of  venous  blood,  in  the 
proportion  of  1030  to  892.  When,  therefore,  arterial  blood  is  con- 
verted into  venous,  a  considerable  quantity  of  caloric  must  pass 
from  a  latent  to  a  free  state,  and  must  prove  an  abundant  source 
of  temperature.  Now  this  is  precisely  what  is  constantly  taking 
place  in  the  body.  Caloric  is  evolved  by  the  combination  of  the 
inspired  oxygen  with  carbon ;  but  as  the  capacity  of  blood  for 
caloric  is,  at  the  same  time,  enlarged,  its  temperature  is  not  raised 
by  being  thus  arterialized.  In  its  progress  through  the  system, 
the  blood  again  suffers  a  diminution  of  capacity  ;  and  the  caloric, 
which  it  had  carried  in  a  latent  form  to  the  remotest  extremities, 
is  extricated,  and  applied  to  the  support  of  animal  temperature. 
This  theory  explains  why  the  heat  is  not  excessive  in  the  lungs, 
but  is  equally  distributed  over  the  whole  body.*  In  animals,  plac- 
ed in  a  high' temperature,  Dr.  Crawford  has  added  the  important 
fact,  that  the  change  of  arterial  into  venous  blood  does  not  go  on i; 
and  no  addition  of  temperature  is,  therefore,  derived  from  this 
source.  Another  cause,  limiting  the  heat  of  the  body  under  such 
circumstances,  is  the  excessive  evaporation  which  takes  place  from 
the  surface  of  the  skin,  and  which  is  indicated  by  a  loss  of  weight 
of  no  inconsiderable  amount. t 

It  is  not  in  the  lungs  only  that  the  blood  exerts  an  action  on  at- 

*  To  this  explanation  of  the  evoliKioti  of  caloric,  must  be  added,  that  which 
takes  place  by  secretion;  the  newly  formed  matter  having  a  less  capacity  for 
heat  than  the  blood  from  which  it  was  produced,  must  necessarily  set  free  a  por- 
tion of  caloric  ;  and  this  cannot  be  inconsiderable  when  we  lake  into  account 
the  quantity  of  secreted  matter  from  all  the  glands  of  the  body.     C. 

f  Nicholson's  Journal,  xvii.  215. 
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rnospherical  air ;  for  a  similar  function,  it  appears,  belongs  to  the 
skin  throughout  the  whole  body.  If  the  hand  be  confined  in  a  por- 
tion of  atmospherical  air  or  oxygen  gas,  it  has  been  ascertained 
that  the  oxygen  disappears,  and  is  replaced  by  a  portion  of  carbo- 
nic acid.  At  the  same  time,  a  considerable  quantity  of  fluid  trans- 
pires, and  may  be  collected  by  a  proper  apparatus. 

The  blood  is  subservient  to  various  important  uses  in  the  animal 
eco;,  mj  It  is  a  source,  from  which  are  constantly  prepared  a  va- 
riety of  other  substances,  both  solid  and  fluid,  that  are  essential  to 
our  well  being,  and  even  to  our  existence.  From  the  blood  is  de- 
rived the  solid  matter  of  the  bones  themselves  ;  it  does  not,  how- 
ever, exist  in  the  blood  in  the  state  of  sub-phosphate  of  lime  or 
bone  earth  ;  but  appears  to  be  produced,  from  the  ultimate  elements 
of  blood,  on  the  very  spot  where  its  presence  is  required.*  The 
muscles,  which  are  affixed  to  the  bones,  and  which,  acting  as  le- 
vers, enable  us  to  change  our  situation  at  pleasure,  are  referrible 
to  the  same  source  ;  and  so  also  is  all  the  variety  of  animal  fluids, 
which  perform  a  necessary  part  in  the  economy  of  this  complicated 
machine.  The  solids  and  fluids,  thus  produced,  are  sometimes 
elaborated  by  complicated  organs  called  glands,  and  are  then  term- 
ed secretions.  A  sufficiently  exact  and  comprehensive  knowledge 
of  the  business  of  secretion  would  have  been  attained,  if  we  were 
able  to  discover,  in  the  secreted  solids  or  fluids,  substances  ana- 
logous to  those  which  are  found  in  the  blood,  and  no  others.  But 
in  many  secretions  we  find  principles  bearing  no  resemblance  to 
albumen,  fibrin,  or  any  of  those  fluids  that  form  the  proximate  ele- 
ments of  the  blood.  In  these  cases,  nature  must  have  gone  farther 
in  the  work  of  separation  ;  and,  after  disuniting  the  ultimate  prin- 
ciples of  the  blood,  have  re-combined  them  in  a  new  manner  and 
in  different  proportions.  This  h  a  species  of  synthesis,  which  we 
have  hitherto  not  been  able  to  imitate  in  substances  of  the  animal 
kingdom,  and  in  very  few  instances  even  in  vegetable  products. 


SECTION  II. 

Of  the    Secretions   subservient   to    Digestion  ;  viz.   the   Saliva,  the 
Gastric  and  Pancreatic  Juices,  and  the  Bile. 

Saliva  is  a  liquid  secreted  by  certain  glands,  and  poured  into 
the  mouth,  for  the  purpose  of  being  mixed  with  the  food  during 
mastication.  It  is  a  slightly  viscid  liquor,  of  a  saltish  taste,  desti- 
tute of  smell,  and  of  a  white  colour,  or  with  a  slight  tinge  of  blue. 
Its  specific  gravity,  according  to  Haller,  is  as  1960  to  1875,  or,  ac- 
cording to  Siebold,  as  1080  to  1000.  The  latter  author  has  com- 
pared its  consistence  to  that  of  a  solution  of  one  part  of  gum  in 
forty  parts  of  water.     It  is  neither  acid  nor  alkaline,  and  has  there- 

*  Ber/elius's  Animal  Chemistry,  p.  19 
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fore  no  effect  on  blue  vegetable  colours.  Its  quantity  varies  con- 
siderably. Nuck  has  estimated  it  at  eight  or  ten  ounces  daily; 
and,  during  a  mercurial  salivation,  several  pints  flow  in  the  same 
interval.* 

Saliva,  when  evaporated  by  a  gentle  heat  to  dryness,  yields  only 
a  very  small  proportion  of  dry  extract  in  thin  semi-transparent 
plates  :  or  if  the  process  be  stopped  when  about  a  third  only  re- 
mains, crystals  of  muriate  of  soda  are  formed.  Exposed  to  the 
air,  it  appears  to  absorb  oxygen,  and  becomes  of  a  thicker  consist- 
ence, whitish  flocculi  at  the  same  time  separating  from  it. 

There  is  some  difficulty  in  effecting  the  diffusion  of  saliva 
through  water;  but  this  may  be  accomplished  by  rubbing  the  two 
fluids  together  in  a  mortar.  The  solution,  which  is  thus  obtained, 
was  subjected  to  the  action  of  tests  by  Dr.  Bostock.f  Oxymuriate 
of  mercury  produced  no  immediate  effect;  but,  after  some  hours, 
a  light  flocculent  coagulum  separated,  leaving  the  liquid  nearly 
transparent.  The  same  test  produced  a  still  less  striking  effect  in 
the  filtered  portion  of  some  saliva,  which  had  been  several  days 
exposed  to  the  atmosphere.  Infusion  of  galls  precipitated  white 
flakes,  from  the  recent  but  not  from  the  filtered  liquor.  The  fil- 
tered fluid  was  copiously  precipitated  by  Goulard's  extract,  and  by 
nitro-muriate  of  tin.  From  these  experiments,  Dr.  Bostock  infers, 
that  saliva  contains  coagulated  albumen,  and  also  a  quantity  of 
mucus  and  muriate  of  soda,  but  no  gelatine.  To  the  quantities  of 
each,  he  considers  the  following  as  an  approximation  : 

Water 80 

Coagulated  albumen    ...     8 

Mucus 11 

Saline  substances 1 

100 

Berzelius  has  lately  published  a  more  exact  analysis  of  saliva.| 
Its  constituents  are 

Water 992.9 

A  peculiar  animal  matter  ....       2.9 

Mucus 1-4 

Alkaline  muriates 1-7 

Lactate  of  soda  and  animal  matter     0.9 
Pure  soda °-2 

1000 

When  exposed  to  the  agency  of  galvanic  electricity,  Mr.  Brande 
has  found  that  saliva,  even  after  being  first  boiled  in  water,  gives 

*  Fourcroy,  Systeme,  4to.  v.  268 
j  Nicholson's  Journal,  xiv.  1)7 
-  Thomson's  Annals,  iii.  25 
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an  abundant  coagulation,  and  a  separation  of  alkali  round  the  ne- 
gative pole,  though  neither  acids,  nor  any  of  the  common  agents, 
showed  the  presence  of  albumen.  Hence  it  appears  that  this  sub- 
stance may  form  part  of  an  animal  fluid,  and  yet  not  be  discovera- 
ble by  the  common  tests.  In  saliva  Mr.  Brande  supposes  that  it  is 
united  with  an  alkali  (probably  soda)  which,  in  this  state  of  combi- 
nation, loses  its  property  of  affecting  vegetable  colours.* 

The  gastric  juice  is  a  fluid  which  is  poured  out  upon  the 
inner  surface  of  the  stomach,  and  is  possessed  of  very  extraordi- 
nary powers  as  a  solvent.  One  of  the  great  obstacles  to  an  accu- 
rate analysis  of  it  is  the  difficulty  of  procuring  it  sufficiently  pure, 
and  free  from  admixture  with  the  contents  of  the  stomach.  It 
has  been  generally  collected  from  animals,  which  have  been  kept, 
for  some  time  belore  being  killed,  without  food.  In  this  Mate,  it 
is  a  transparent  liquor,  having  a  saline  and  somewhat  bitter  taste, 
and  containing  neither  uncombined  acid  nor  alkali.  It  precipitates 
nitrate  of  silver  ;  and,  when  evaporated,  gives  a  solid  residuum, 
which  is  deliquescent,  and  has  an  unpleasant  smell.  By  the  action 
of  acids,  a  small  proportion  of  albumen  is  discovered  in  it,  and  ge- 
latine or  mucus  remains  in  solution.  Vauquelin  always  found 
phosphoric  acid  in  the  gastric  juice  of  herbivorous  animals,  whilst, 
on  the  other  hand,  that  of  man  and  carnivorous  animals  seldom 
give  any  visible  traces  of  free  acid  or  alkali. 

This  imperfect  account  of  the  properties  of  the  gastric  juice 
affords,  however,  no  explanation  of  the  solvent  power,  which  it 
exerts  on  all  animal  and  vegetable  substances.  Even  out  of  the 
body,  it  appears,  from  the  experiments  of  Spallanzani,  to  retard 
the  putrefaction  of  animal  substances,  and  to  reduce  them  to  a 
state  somewhat  similar  to  that,  in  which  they  are  found  after  hav- 
ing been  some  time  in  the  stomach.  On  substances  taken  into 
that  organ  its  solvent  power  is  even  still  more  remarkable.  In  Dr. 
Stevens's  experiment,  hollow  silver  spheres,  perforated  with  small 
holes,  and  cotitaining  animal  and  vegetable  food,  were  swallowed 
by  a  man  who  possessed  the  faculty  of  doing  this  without  injury, 
and  with  the  result  that  the  food  was  always  dissolved,  and  the 
vessel  voided  in  an  empty  state.  After  death,  it  appears  from  the 
observations  of  Mr.  Hunter,  that  the  stomach  itself  is  sometimes 
eroded  by  the  gastric  juice,  large  holes  having  been  found  in  it 
from  the  action  of  that  fluid.  These  facts,  as  well  as  the  power  of 
the  gastric  juice  in  coagulating  milk,  are  quite  inexplicable  on  any 
known  principle. 

The  pancreatic  juice  has  not  been  examined  with  any  atten- 
tion. The  only  observations  which  we  possess  respecting  it,  are 
those  of  Dr.  Fordyce.  He  found  it  to  be  a  colourless  liquid,  slightly 
saline  to  the  taste.  By  evaporation,  muriate  of  soda  was  obtained, 
and  the  same  salt  was  indicated  also  by  nitrate  of  silver.  Hence 
we  may  conclude  it  to  be  analogous  in  composition  to  the  saliva. 

The  bile  is  one  of  those  fluids,  which  has  attracted  peculiarly. 

*  Philosophical  Transactions,  1809. 
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the  notice  of  chemists,  and  which  is,  therefore,  better  understood 
than  most  others.  It  is  to  the  labours  of  Fourcroy,  and  still  more 
recently  of  Thenard,*  who  has  published  two  memoirs  on  the 
bile,  that  we  are  chiefly  indebted  for  our  knowledge  of  its  com- 
position. 

The  bile  of  the  ox,  from  the  greater  quantity  of  it  which  may  be 
procured,  has  been  mostly  the  subject  ot  experiment.  Its  colour 
is  commonly  yeiowish  green,  and  very  rarely  deep  green.  When 
mixed  with  syrup  of  violets  or  infusion  of  turnsole,  it  produces  no 
other  change  than  what  any  other  liquid  of  the  same  colour  would 
effect.  Its  taste  is  bitter  and  at  the  same  time  sweetish,  and  ex- 
cessively nauseous.  Its  smell  is  peculiar  ;  and  something  like  that 
of  incited  fat.  Its  specific  gravity  is  1026  ;  its  consistence  variable, 
from  that  of  a  thin  mucilage  to  that  of  synovia.  Sometimes  it  is 
limpid,  and,  at  others,  contains  tiocculi  of  a  yellow  matter,  which 
may  easily  be  separated  by  water. 

When  submitted  to  heat,  ox-bile  first  deposits  a  portion  of  coagu- 
lated matter,  and  yields  a  liquid,  which  has  the  peculiar  smell  of 
bile,  and  which  throws  down  a  white  precipitate  from  acetate  of 
lead.  The  solid  residuum  has  a  yellowish  green  colour ;  is  very 
bitter;  somewhat  deliquescent;  and  entirely  soluble  in  water  and 
in  alcohol.  It  melts  at  a  moderate  heat,  and  is  decomposed  by  a 
still  stronger  one,  the  products  being  more  oil,  and  less  carbonate  of 
ammonia,  than  from  animal  matters  in  general.  A  very  bulky 
coal  containing  several  neutral  salts  remains  in  the  retort:  The 
salts  extracted  from  this  c<±ul,  taking  them  in  the  order  of  their 
quantities,  are  muriate  of  soda,  phosphate  of  soda,  phosphate  of 
lime,  and  sulphate  of  soda.  Traces,  also,  are  discovered  of  oxide 
of  iron. 

The  uncombined  soda  in  bile  does  not  exceed  jfa  its  weight ; 
and  as  this  very  minute  quantity  of  alkali  must  be  quite  incapa- 
ble of  dissolving  the  large  proportion  of  resin,  which  exists  in  that 
fluid,  Thenard  w  is  induced  to   turn  his  attention  to  the  discovery 
of  some   other    solvent  of  resin,  existing  as  a  component  of  bile. 
Acetate  of  lead  (the  common  sugar  of  lead  of  commerce)  precipi- 
tates, he  found,  not  only  the  resin,  but  the   peculiar   substance  of 
which   he   was   in   search,  in   union   with   oxide  of  lead.     But  an 
acetate  with  a  larger  proportion  of  base  (formed  from  eight  parts 
of  sugar  of  lead  and  one  of  litharge)  produced  a  different  effect; 
and  precipitated  only  the   albumen  and  the  resin.     When  the  re- 
maining liquid  was  filtered,  and  the  lead  separated  by  sulphuretted 
hydrogen  gas,  it  gave,  on  evaporation,  a  residue  having  less  bitter- 
ness and  considerably   sweeter.     In  this   state,  the  solvent  of  the 
resin  could  not  be  considered  as  pure,  since  it  retained  in  solution 
a  quantity  of  acetate  of  soda,   arising  from  the  decomposition,  by 
the  acetate  of  lead,  of  the  salts  of  soda  existing  in  the  bile      He 
aeain,    therefore,    precipitated    the    solution    by    acetate    of   lead 
saturated  with   oxide,  and  obtained   an  insoluble  compound  oi  the 
peculiar  matter  and  oxide  of  lead.    This  was  dissolved  m  vinegar, 


Memoires  d'Arcueil,  vol.  1. 
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the  oxide  of  lead  separated  by  sulphuretted  hydrogen,  and  the  acid 
expelled  by  evaporation. 

This  substance,  U)  which  Thenard  has  given  the  name  of  jiicro- 
mel,  possesses  the  property  of  rendering  the  resin  of  biie  easily 
soluble  in  water.  Three  parts  are  sufficient  to  one  of  the  resin. 
The  characters  of  picroniel  are,  that  it  is  insoluble  in  water  and 
alcohol,  and  incapable  of  being  crystallized  ;  that  it  precipitates 
nitrate  of  mercury  and  acetate  of  lead  with  excess  of  oxide  j  and  that 
it  forms,  with  resin  and  a  minute  quantity  of  soda,  a  triple  com- 
pound, which  is  not  decomposable  by  acids  nor  by  alkaline  or 
earthy  salts. 

The  resin  is  to  be  considered  as  the  cotise  of  the  smell,  and,  in 
great  part,  of  the  colour  and  taste  ot  the  bile.  It  is  solid;  very 
bitter ;  and,  when  pure,  green,  but  when  incited  it  passes  to  yellow. 
It  is  soluble  in  alcohol  and  in  pure  alkalis,  and  is  precipitable  from 
the  former  by  water,  and  from  the  latter  by  acids. 

The  yellow  matter  appears  to  be  peculiar  to  the  bile,  and  to 
possess  characters  distinct  from  those  of  other  animal  substances. 
Its  presence  seems  to  render  the  bile  putrescent ;  and  it  is,  also, 
the  source  of  the  concretions,  which  form  in  the  gall-bladders  of 
oxen.  Insoluble  by  itself,  it  becomes  soluble  by  the  intervention 
of  soda,  resin,  and  picromel ;  and,  whatever  be  the  solvent,  it  is 
precipitated  by  acids. — In  the  analysis  oi  bile,  the  first  step  was  to 
separate  this  yellow  matter,  by  adding  nitric  acid,  and  to  free  it 
from  the  portion  of  resin  which  adheres  to  it.  Into  the  remainder, 
acetate  of  lead  with  excess  of  oxide  (prepared  as  already  directed) 
was  poured,  and  an  insoluble  compound  was  formed,  consisting  of 
oxide  of  lead  and  resin,  from  which  nitric  acid  detached  the  latter 
in  the  state  of  soft  green  flakes.  Sulphuretted  hydrogen  was  then 
passed  through  the  liquid,  which  was  separated  by  filtration  from 
the  precipitate  and  evaporated  to  dryness.  Deducting,  from  its 
weight,  that  of  the  acetate  ot  soda  formed  by  the  decomposition  of 
acetate  of  lead  ;  the  weight  of  picromel  was  obtained.  The  saline 
substances  were  determined  by  calcination,  lixiviation,  and  other 
common  processes. 


lows 


In  this  way,  the   composition  of  ox-bile   was  determined  as  fol- 


Water 700         or  a  little  more. 

Resin 24 

Picromel 60.5 

Yellow  matter      .     .     .  variable — in  this  cane  4. 

Soda 4 

Phosphate  of  soda  .     .  2 

Muriate  of  soda  ...  32 

Sulphate  of  soda       .     .  0.8 

Phosphate  of  lime    .     .  1.2 
Oxide  of  iron                ...    a  trace, 

800 
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The  bile  of  the  dog,  the  sheep,  the  cat,  and  the  calf  was  found 
on  analysis  to  be  precisely  similar  lo  that  of  the  ox.  The  bile  of 
the  pig,  on  the  contrary,  contained  neither  albumen,  yellow  matter, 
nor  picromel.  It  consisted  merely  of  resin  in  great  quantity,  of 
soda,  and  of  salts,  the  nature  of  which  has  not  yet  been  ascertained. 
It  was  entirely  decomposed  by  acids,  and  even  by  the  weakest,  the 
acetic. 

Bcrzelius  denies  the  presence  of  resin  in  bile,*  and  asserts  that 
it  is  not  possible  to  repeat  the  analysis  of  that  fluid,  by  the  pro- 
cesses, winch  Thenard  has  described.  The  substance,  he  alleges, 
which,  in  bile,  resembles  resin,  is  precipitable  by  acids  ;  and  the 
precipitate  is  a  compound  of  the  acid  employed  with  the  green 
colouring  mutter  ot  bile.  When  we  use  sulphuric  acid  with  heat, 
a  green  liquid  is  obtained  resembling  a  resin ;  and  after  saturating 
the  acid  with  carbonate  of  barytes,  the  green  matter  is  soluble  in 
water,  to  which  it  imparts  its  own  colour  and  bitterness.  This  is 
the  characteristic  ingredient  of  bile,  which  Berzelius  calls  biliary 
matter.     He  finds  bile  composed  of 

Water 907.4 

Biliary  matter 80.0 

Mucus  of  the  gall  bladder     ......  3.0 

Alkalis  and  salts  common  to  all  animal  fluids  9.6 

1000. 

The  bile  of  birds  contains  a  large  quantity  of  albuminous  mat- 
ter. The  picromel,  which  is  extracted  from  it,  is  not  sensibly 
sweet;  but  on  the  contrary  has  a  sharp  and  bitter  taste.  It  con- 
tains a  mere  trace  of  soda,  and  does  not  precipitate  the  super-ace- 
tate of  lead. 

Human  bii.e  was,  also,  an  object  of  Mr.  Thenard  s  researches; 
and  his  experiments,  he  is  of  opinion,  have  led  him  to  as  accurate 
a  knowledge  of  it,  as  of  any  other  species— Its  colour  varies  con- 
siderably ;  sometimes  it  is  green,  almost  always  brownijh  yellow, 
and  sometimes  it  is  without  colour.  Its  taste  is  not  very  bitter. 
It  is  seldom  perfectly  limpid;  for  it  generally  holds  suspended  m 
it  a  certain  quantity  of  yellow  matter,  which  is  sometnr.es  even 
present  in  such  quantity,  as  to  render  the  bile  clotted.  When  it  is 
filtered,  and  submitted  to  a  boiling  heat,  it  becomes  thick  and  emits 
the  smell  of  white  of  egg.  Evaporated  to  dryness,  ,t  affords  an 
extract,  which  is  equal  to  yTth  the  weignt  of  the  bile.  This  ex- 
tract, by  calcination  affords  precisely  .the  same  salts  as  are  found 
in ox-bile,  viz.  uncombined  soda;  muriate,  sulphate,  and  phosphate 
of  soda:  phosphate  of  lime;  and  oxide  ot  iron. 

All  the  acids  decompose  human  bile,  and  precipitate  from  it  a 
laree  quantity  of  albumen  and  of  resin.  These  may  be  separated 
from  eacl  other  by  alcohol.  By  the  application  of  acetate  of  lead, 
no  picTomel  can  be  discovered  ;  nor  is  any  other  ingredient  bund 

•  71   An.  de  Ch.  220- 
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in  human  bile  than  yellow  matter,  albumen,  resin,  and  saline  sub- 
stances. The  proportions,  ascertained  by  Thenard,  are  the  fol- 
lowing : 

Water 1000* 

Yellow  matter,  insoluble  and  floating  in  the?  10 
bile,  a  variable  quantity  from  2  to    .     .       5 

Yellow  matter  in  solution o.  trace. 

Albumen 42 

Resin 41 

Soda 5.6 

Phosphates  of  soda  and  lime,  sulphate  and  ?  4 
muriate  of  soda,  and  oxide  of  iron   .     .    $ 

1100 

The  yellow  matter  appears  to  be,  in  every  respect,  similar  to 
that  of  ox-bile.  The  resin  is  yellowish  ;  very  fusible  ;  very  bitter, 
but  less  so  than  that  of  ox-bile  ;  soluble  in  alcohol,  from  which  it 
is  precipiuted  by  water;  and  soluble  in  alkalis,  from  which  it  is 
thrown  down  by  acids.  In  water  it  appears  scarcely  to  dissolve; 
and  yet  sulphuric  and  nitric  acids  occasion  a  precipitate  from  wa- 
ter which  has  been  digested  on  it. 

If  bile  be  submitted  to  the  action  of  galvanism,  Mr.  Brande  has 
found  that  coagulation  takes  place  at  the  negative  pole,  where  soda 
also  appears.  At  the  positive  pole  muriatic  and  phosphoric  acids 
are  evolved. 

Biliary  calculi.  The  composition  of  biliary  concretions  differs 
in  different  animals.  Those  of  the  ox  contain  traces  of  bile,  which 
is  removable  by  the  action  of  water,  after  which  they  are  entirely 
destitute  of  taste  and  smell.  Their  colour  is  a  yellow  of  so  much 
beauty  as  to  render  them  a  valuable  pigment.  They  undergo  no 
change  at  a  heat  below  redness ;  but  at  this  temperature  they 
melt  and  swell,  and  after  yielding  the  usual  animal  products,  give 
about  one  sixth  their  weight  of  a  white  matter  which  is  phosphate 
of  lime.'  They  are  nearly  insoluble  both  in  water  and  in  alcohol; 
and  with  some  difficulty  in  alkalis,  from  which  they  are  precipitat- 
ed, in  green  flocculi,  by  acids.  Boiling  muriatic  acid  takes  up  only 
a  small  quantity,  and  renders  them  green.  Hence  they  appear  to 
be  homogeneous  ;  and  to  possess  properties  identical  with  those  of 
the  yellow  matter  of  the  bile  of  oxen,  and  of  human  bile. 

The  calculi  of  the  human  gall-bladder  have  been  more  atten- 
tively examined  than  those  of  the  ox.  It  had  been  long  known 
that  they  enter  into  fusion*  at  a  low  temperature,  and  that  the  al- 
kalis, and  the  fixed  and  volatile  oils  effect  their  solution.  Cne  of 
their  distinctive  characters  was  first  pointed  out  by  Poulletier  de 
la  Salle,  viz.  that  of  being  soluble  in  boiling  alcohol,  and  precipita- 

*  These  are  the  numbers  given  by  Thenard  (Memoires  d'Arcueil,  i.  57;) 
but  as  their  sum  exceeds  1100,  it  is  probable  that  the  error  will  best  be  cor- 
rected by  reducing  the  proportion  of  water. 
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ble,  on  cooling,  in  the  form  of  shining  scales.  Fourcroy  after- 
wards discovered  several  important  facts  respecting  them,  and  es- 
pecially their  resemblance  to  the  substance  which  has  been  already 
described  under  the  name  of  acli/wcire. 

Of  the  calculi  examined  by  Thenard,  only  a  small  number  were 
formed  of  white  plates,  crystalline  and  shining,  and  entirely  adi- 
pocirous.  Many  consisted  of  yellow  laminae  containing  from  88 
to  94  fier  cent,  of  adipocire,  and  six  or  twelve  of  a  colouring  sub- 
stance. A  few  were  greenish  on  the  outside,  and  yellow  in  their 
interior;  several  were  covered,  in  spots  at  least,  with  a  blackish 
brown  crust,  containing  very  little  adipocire,  but  internally  were 
like  the  rest.  In  all,  excepting  the  perfectly  white,  there  were 
traces  of  bile,  discoverable  by  the  action  of  water. — Calculi  from 
the  intestines  were  found  to  be  similar  to  those  of  the  gall- 
bladder. 

We  may  conclude,  therefore,  with  Fourcroy,  that  some  of  the 
calculi  of  the  human  gallbladder  consist  entirely  of  adipocire ; 
and  that  others  are  composed  of  the  same  substance,  with  the  ad- 
dition of  a  quantity  of  colouring  matter,  which  is  either  yellowish 
or  dark  brown.  When  of  the  former  colour,  it  appears  not  to  dif- 
fer from  the  yellow  matter  of  the  bile  ;  and  when  of  the  latter,  to 
be  the  same  substance  with  an  excess  of  carbon. 


SECTION  III. 

Of  Milk. 

The  milk  is  a  fluid  which  is  secreted,  by  animals  of  the  class 
Mamm.  lia,  for  the  nourishment  of  their  young.  Though  differing 
considerably  in  the  different  species  of  animals,  yet  it  admits  of 
the  following  general  description  : 

It  is  an  opake  liquid,  of  a  white  colour,  with  sometimes  a  slight 
tinge  of  blue  or  yellow.  Its  taste  is  sweetish  and  grateful  ;  but 
varies  occasionally,  as  does  its  colour  also,  with  the  food  of  the 
animal.  Its  specific  gravity  is  variable ;  that  of  cows'  milk,  ac- 
cording to  Brisson,  being  about  1020,  and  that  of  ewes'  milk  1040. 

The  milk  may  be  resolved,  partly  by  standing,  and  partly  by 
agents  that  do  not  essentially  alter  the  nature  of  its  components, 
into  three  proximate  ingredients,  the  cream,  curd  and  whey. 

1.  The  cream  rises,  as  is  well  known,  to  the  surface  of 
milk  after  it  has  stood  for  some  hours.  It  has  many  of 
the  properties  of  an  oil ;  is  smooth  and  unctuous  to  the  touch  ; 
and  stains  cloth  in  the  same  manner  as  other  fat  substances.  By 
standing  for  some  days,  it  becomes  gradually  thicker, and  at  length 
forms  a  soft  solid,  in  which  the  flavour  of  cream  is  no  longer  per- 
ceived, and  that  of  cheese  is  substituted  in  its  place.  Cream,  of 
the  specific  gravity  1.0244,  is  composed,  according  to  Berze- 
lius,  of 
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Butter     .     .    . 

Cheese    . 
Whey      .     . 

100. 

But  as  92  parts  of  whey  contain  4.4  of  sugar  of  milk  and  salts,  it 
follows  that  cream  contains  12.5  per  cent,  of  solid  matter. 

When  cream  is  agitated,  as  is  done  by  the  common  process  of 
churning,  it  separates  into  two  parts,  a  thick  animal  oil,  well  known 
by  the  name  of  butter,  and  a  fluid  which  possesses  exactly  the 
same  properties  as  milk  that  has  been  deprived  of  its  cream. 
This  change  has  been  supposed  lo  be  owing  to  the  combination  of 
the  cream  with  the  oxygen  of  the  atmosphere;  but  it  takes  place, 
though  perhaps  not  equally  well,  in  vessels  from  which  the  air.  is 
excluded. 

Butter  has  generally  a  yellow  colour  and  a  soft  conshtence. 
At  the  temperature  of  96°  or  98°,  it  melts,  and  when  kept  in  this 
state  for  some  time,  a  portion  both  of  whey  and  curd  separate  from 
it.  Its  transparency  is  thus  increased,  but  its  taste,  at  the  same 
time,  rendered  less  agreeable.  In  this  state,  however,  it  may  be 
kept  longer  without  becoming  rancid  ;  and  it  is  not  improbable  that 
it  is  in  part  by  combination  with  the  whey,  that  sait  contributes  to 
the  preservation  of  butter.  Butter,  therefore,  may  be  considered 
as  an  animal  oil,  united  with  a  portion  of  whey  and  of  curd. 

When  milk,  either  deprived  or  not  of  its  cream,  is  mixed  with 
certain  substances,  or  even  allowed  to  stand  till  it  becomes  sour,  it 
undergoes  a  change  which  is  called  coagulation,  consisting  in  its 
separation  into  a  solid  substance  termed  curd,  and  a  fluid  called 
whey.  This  change  may  be  effected  by  several  agents  ;  by  all 
acids,  and  by  many  neutral  salts  ;  by  gum,  sugar,  and  certain  vege- 
table juices  ;  by  the  gastric  fluid  ;  and  especially  by  the  infusion 
of  the  inner  coat  of  a  calf's  stomach  called  rennet.  The  precipita- 
tion by  acids,  Scheele  has  explained,  by  supposing  that  they  form, 
with  the  curd,  a  combination  which  requires  more  water  for  solution 
than  milk  contains  ;*  and  accordingly  the  curd  is  iound  always  to 
contain  a  portion  of  that  acid  by  which  coagulation  has  been  produc- 
ed. But,  in  other  cases,  the  coagulation  cannot  be  thus  accounted 
for  ;  and  is,  indeed,  altogether  inexplicable.  Thus  the  infusion  of 
a  piece  of  calf's  stomach,  not  larger  than  half  a  crown,  coagulates  a 
quantity  of  milk  sufficient  for  making  a  cheese  of  sixty  pounds 
weight;!  although  the  quantity  of  coagulating  matter  cannot  in  this 
case  exceed  a  few  grains. 

The  curd  of  milk,  when  pressed,  salted,  and  partly  dried,  com- 
poses cheese.  In  good  cheese,  however,  there  is  always  a  large 
proportion  of  butter,  which  is  enveloped  in  the  curd,  and  is  not  af- 
terwards easily  separable.  Curd,  therefore,  for  exhibiting  its  che- 
mical properties,  should  be  prepared  from  milk,  which  has  been 

*  Essays,  p.  267. 

:  Holland's  Cheshire  Report,  p.  268. 
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deprived  of  cream,  and  should  be  made  by  the  intervention  of  ren- 
net. It  is  a  white  solid  substance,  insoluble  in  water  and  in  alco- 
hol, but  readily  soluble  in  pure  alkalis,  and  precipitable  therefrom 
by  acids,  though  in  a  state  more  like  tallow  than  the  original  curd. 
During  solution  in  alkalis,  a  strong  smell  of  ammonia  is  produced  ; 
and  hence  curd  appears  to  be  converted,  by  their  action,  into  vola- 
tile alkali  and  fat.  Liquid  ammonia  also  dissolves  curd  ;  and  it 
appears  to  be  soluble  by  the  pure  alkaline  earths.  From  the  re- 
semblance of  its  properties  to  those  of  the  coagulated  white  of  an 
egg,  Scheele  was  induced  to  regard  cheese  as  identical  with  albu- 
men ;  and  it  is  not  improbable  that  if  the  curd  could  be  obtained 
perfectly  pure,  their  properties  would  exactly  agree.  By  the  com- 
bustion and  calcination  of  curd,  it  appears,  however,  to  afford  a 
larger  proportion  of  phosphate  of  lime  and  other  saline  substances, 
than  is  obtained  from  the  coagulated  white  of  an  egg. 

Berzelius  found  that  the  ashes,  obtained  by  incinerating  cheese, 
amount  to  6.5  per  cent,  of  its  weight.  The  ash  consists  chiefly  of 
earthy  phosphates,  with  a  little  pure  lime  ;  but  contains  neither  al- 
kali nor  oxide  of  iron.  Cheese,  digested  with  muriatic  acid,  loses 
its  earthy  phosphates,  and  afterwards  burns  without  leaving  any 
ash.  The  presence  of  so  large  a  quantity  of  the  earthy  phosphates, 
in  the  most  nutritious  part  of  milk,  may  be  regarded,  Berzelius 
justly  observes,  as  a  wise  provision  of  nature  ;  and  peculiarly  adapts 
inilk  to  the  nutrition  of  young  animals,  in  whose  economy  there 
exists  the  greatest  demand  for  the  earthy  phosphates,  for  the  pur- 
pose of  ossification. 

Cheese  is  generally  considered  as  insoluble  in  water;  but  if  it  be 
precipitated  from  milk  by  sulphuric  acid,  then  well  pressed,  and 
digested  with  carbonate  of  barytes,  cheese  affords  with  water  a 
yellowish  solution  resembling  a  solution  of  gum.  The  solution 
boiled  in  an  open  vessel  becomes  covered  with  a  white  pellicle, 
precisely  as  milk  does,  and  acquires  the  smell  of  boiled  milk. 

Cheese  produces,  with  the  mineral  acids,  the  same  combinations 
as  albumen  and  fibrin,  though  its  neutral  compounds  are  less  solu- 
ble than  those  of  fibrin.  A  great  excess  of  acetic  acid  is  required 
to  dissolve  cheese,  and  the  neutral  compound  formed  with  this  acid 
appears  to  be  insoluble.  When  it  has  not  been  completely  sepa- 
rated from  butter,  this  floats  upon  the  surface  of  its  solution  in  ace- 
tic acid.  Alcohol  converts  cheese  into  an  adipocirous  and  foetid 
substance. 

The  whjey,or  liquid  which  remains  after  the  separation  of  all  the 
curd,  is  a  thin  and  almost  transparent  fluid,  of  a  yellowish  green 
colour  and  a  pleasant  sweetish  taste.  It  still  contains,  generally,  a 
portion  both  of  curd  and  of  butter  ;  the  former  of  which  may  be 
separated  by  a  boiling  heat,  in  the  form  of  a  coagulum.  The  but- 
tery matter,  also,  separates  by  heat,  especially  if  the  whey  be  pre- 
viously allowed  to  become  sour.*  _  Whey  contains,  indeed,  in  its 
recent  state,  some  uncombined  acetic  acid. 

*  Cheshire  Report,  page  262. 
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When  whey  which  has  been  deprived,  as  much  as  possible,  of  the 
butter  and  curd,  is  slowly  evaporated,  it  yields  the  substance,  al- 
ready described  under  the  name  of  sugar  of  milk.  Besides  this 
substance,  it  contains,  also,  several  saline  bodies,  viz.  muriate  of 
potasn,  phosphates  of  lime  and  of  iron,  and  sulphate  of  potash  ;  and 
a  peculiar  animal  matter,  which  gives  a  precipitate,  with  infusion 
of  galls,  and  affords  carbonate  of  ammonia  by  distillation.  Sour 
whey  contains  also  a  peculiar  acid  called  the  lactic. 

Icrom  this  account  of  the  composition  of  milk,  several  properties 
of  the  entire  fluid  may  be  understood.  When  fresh  milk  is  boiled, 
its  albuminous  part  is  not  coagulated  into  a  mass  like  the  white  of 
an  egg,  on  account  of  the  large  quantity  of  water,  through  which  it 
is  diffused  ;  but  a  thin  pellicle  forms  on  the  surface,  which,  if  re- 
moved, is  immediately  replaced  by  another  ;  and  thus  the  whole 
of  the  albumen  may  be  separated  in  successive  portions.  If  the 
pellicle  fall  to  the  bottom,  it  becomes  burnt,  and  gives  the  milk  a 
peculiar  flavour. 

In  order  to  procure  butter  from  milk,  it  is  not  necessary,  in  the 
first  place,  to  separate  the  cream  ;  ior  butter  may  be  obtained  at 
once  by  the  churning  of  milk,  and  has  then  the  name  of  milk  but- 
ter. It  is  inferior,  however,  t#  butter  made  from  cream,  inconse- 
quence of  its  containing  a  larger  proportion  both  of  whey  and  of 
curd. 

Milk  is  susceptible  of  the  vinous  fermentation,  and  is  employed,  by 
the  Tartars,  in  making  a  sort  of  wine,  which  they  call  Koumiss* 
It  is  prepared  chiefly  from  mares'  milk,  and  has  an  agreeable 
sweetish  taste.  By  distillation,  it  yields  a  considerable  quantity  of 
alcohol.  What  is  most  remarkable  with  respect  to  this  fermented 
liquor  is,  that  it  does  not  appear  to  owe  its  origin  to  the  saccnarine 
part  of  the  fluid  ;  for  Fourcroy  and  Vauquelin  have  found  that  milk, 
after  fermentation,  yields  as  much  sugar  of  milk  as  before. 

There  appears  to  be  a  considerable  difference  in  the  quality  of 
the  <:>ilk  of  different  animals.  Human  milk  is  sweeter  than  that  of 
cows  ;  and  yields  a  larger  proportion  of  cream  ;  but  from  this  the 
butter  cannot  be  separated  by  agitation.  It  deposits,  also,  a  part  of 
its  curd  by  mere  repose.  Asses'  milk  bears  a  stronger  resem- 
blance to  human  milk  than  to  any  other.  The  cream  is  but  in  small 
quantity,  and  yields  a  soft  white  and  nearly  tasteiess  butter.  The 
curd  is  so  abundant,  as  even  to  separate  on  standing,  before  the 
milk  becomes  sour.  Goats'  milk  yields  a  remarkably  thick  and 
unctuous  cream,  and  abounds  also  in  curd.  The  milk  of  sheep  bears 
a  strong  resemblance  to  that  of  cows,  and  yields  a  large  proportion 
of  curd  of  a  fat  and  unctuous  kind.  Mares'  milk  is  thin,  insipid, 
and  affords  very  little  cream,  from  which  it  is  very  difficult  to  sepa- 
rate any  butter  by  agitation. 

The  constituents  of  skimmed  cows'  milk  are  stated  by  Bcrzelius 
as  follows  :f 


*  37  PHil.  Mag.  6. 

f  Thomson's  Ann.  iii.  27. 
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Water 928.75 

Cheese,  with  a  trace  of  butter    ....  28.00 

Sugar  of  milk 35.00 

Muriate  of  potash 1.70 

Phosphate  of  potash 0.25 

Lactic  acid,  lactate  of  potash  and  a 


trace  of  lactate  of  iron                  5 
Earthy  phosphates 0.30 

1000. 

Of  Chyle. 

The  chyle  has  been  lately  examined  by  Mr.  Brande,  who  obtain- 
ed it  from  the  thoracic  duct  of  an  animal,  about  four  hours  after 
taking  food.  If  taken  at  a  longer  interval,  it  is  mixed  with  a  great- 
er or  less  proportion  of  lymph.  When  unmixed  with  blood,  it  has 
the  following  properties. 

1.  It  is  an  opake  fluid  of  a  perfectly  white  colour,  without  smell, 
and  having  a  slightly  salt  taste,  accompanied  by  some  degree  of 
sweetness. 

2.  It  does  not  affect  the  colour  of  litmus  or  turmeric,  but  it  slowly 
changes  violet  paper  to  green. 

3.  Its  specific  gravity  somewhat  exceeds  that  of  water,  but  is 
less  than  that  of  blood. 

4.  In  about  ten  minutes  after  being  taken  from  the  duct,  ij  as- 
sumes the  appearance  of  a  stiff  jelly,  which  in  the  course  of  24 
hours,  separates  into  two  parts,  producing  a  firm  and  contracted 
coagulum,  surrounded  by  a  transparent  colourless  fluid.  Its  spon- 
taneous changes,  indeed,  bear  a  striking  resemblance  to  those 
which  take  place  in  blood. 

The  coagulated  portion  has  a  closer  resemblance  to  the  cheese 
of  milk,  than  to  fibrin.  It  is  rapidly  dissolved  both  by  pure  and 
subcarbonated  alkalis,  forming  pale  brown  compounds.  Its  solution 
in  liquid  ammonia  is  of  a  reddish  hue.  The  acids  throw  down  a 
substance  intermediate  between  fat  and  albumen,  which  an  excess 
of  nitric  acid  redissolves  in  the  cold  ;  and  sulphuric,  muriatic,  and 
acetic  acids,  by  boiling  for  a  short  time. 

Sulphuric  acid,  diluted,  dissolves  the  coagulum,  unless  the  water 
be  increased  to  six  times  the  weight  of  the  acid.  Alkalis  do  not 
precipitate  the  solution.  It  is  transparent,  of  a  pale  brown  colour, 
and,  after  the  addition  of  alkali,  is  decomposed  by  infusions  of  tan. 

When  the  coagulum  is  kept  some  weeks  in  one  part  of  nitric 
acid,  and  15  of  water,  it  is  converted  into  adipocire.  Mui'iatic,  ace- 
tic, and  oxalic  acids  dissolve  the  coagulum  ;  but  neither  citric  nor 
tartaric  have  any  action  on  it. 

The  serous  part  of  the  chyle,  when  heated,  becomes  slightly  tur- 
bid, and  deposits  flakes  of  albumen.  The  clear  liquid,  by  evapo- 
ration to  half  its  bulk,  deposits  crystals,  bearing  a  strong  resem- 
blance to  sugar  of  milk.  They  are  soluble  in  20  parts  of  water  at* 
60*Fahrcnheit,  or  in  four  of  boiling  water,  and  the  taste  of  the  so- 

4  B 
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lution  is  extremely  sweet.  By  nitric  acid,  they  are  converted  into 
a  white  powder,  having  the  properties  of  saccholuctic  acid,  as  de- 
scribed by  Sohcele. 

The  destructive  distillation  of  the  serous  part  of  chyle  afforded 
a  minute  quantity  of  charcoal,  with  traces  of  phosphate  of  lime,  and 
of  muriate  and  carbonate  of  soda. 

From  these  experiments,  it  appears  that  chyle  bears  a  striking 
analogy  to.  milk,  not  only  in  its  external  appearance,  but  in  chemi- 
cal properties  and  composition.  It  must  be  acknowledged,  how- 
ever, that  the  results,  which  have  been  described,  are  not  perfectly 
coincident  with  those  obtained  by  Emmert  and  Vauquelin,  each  of 
whom  submitted  to  analysis  the  chyle  of  the  horse.  Emmert  was 
unable  to  discover  the  smallest  trace  of  sugar  of  milk  ;*  and  Vau- 
quelin found  also,  1st,  a  large  proportion  of  albumen  ;  2d,  a  smaller 
one  of  fibrin  ;  3d,  a  fatty  substance,  which  gives  to  the  chyle  the  ap- 
pearance of  milk;  and  4thly,  several  salts,  such  as  potash,  muriate 
of  potash,  and  pro-phosphate  of  iron.t  Berzelius,  also,  appears  to 
distrust  the  analogy  between  chyle  and  milk4 


SECTION  IV. 

Of  the  Mucus  of  the  Nose;  the  Tears;  the  Humours  of  the  Eye  ;  and 
the  Liquor  of  Surfaces  and  of  Cavities. 

1.  'The  mucus  of  the  nose  was  examined  by  Fourcroy  and  Vauque- 
lin, in  the  state  in  which  it  is  discharged  during  catarrh.  Its  prin- 
cipal qualities  appear  to  be  owing  to  the  large  proportion,  which  it 
contains,  of  the  substance  termed  by  Dr.  Bostock  animal  mucus. 
By  exposure  to  the  air,  this  substance  becomes  viscid  ;  but,  when 
recently  secreted,  its  consistence  does  not  appear  to  be  thicker  than 
that  of  tears.  It  contains,  besides  other  neutral  salts,  a  small  pro- 
portion of  carbonate  of  soda  ;  and  hence  it  precipitates  the  solutions 
of  barytes  and  of  lime.  Water  does  not  dissolve  it,  and  it  can  only 
be  brought  into  a  state  of  diffusion  by  agitation.  The  acids  thicken 
it,  when  used  in  small  quantity  ;  but  in  a  larger  proportion  they  dis- 
solve it.  Pure  liquid  alkalis  decompose  it,  and  extricate  ammonia. 
Oxymuriatic  acid  renders  it  thick  and  dry  ;  and  reduces  it  to  a  state 
almost  resembling  parchment. 

Berzelius  found  the  mucus  of  the  nose  to  consist  of 

Water 933.7 

Mucous  matter 53.3 

Muriates  of  potash  and  soda     ...       5.6 
Impure  lactate  of  soda     ....  0.9 

Albumen  and  animal  matter,  insolu-?       „5 
ble  in  water,but  soluble  in  alcohol  £ 

1000.  £ 

•  80  Ann.  de  Chimic,  81.     f  81  Ibid-  ul    *  View  of  Animul  Chemistry,  p.  74. 
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2.  The  tears  appear  to  differ  from  the  mucus  of  the  nose  in  no  re- 
spect, except  in  being  of  a  more  fluid  consistence.  They  are  per- 
fectly pellucid,  have  a  saline  taste,  and  a  specific  gravity  rather 
greater  than  that  of  water.  They  change  the  colour  of  syrup  of 
violets  to  green,  owing  to  their  containing  a  portion  of  uncombined 
soda.  Mr.  Hunter  found  that  when  tears  are  exposed  to  a  tempe- 
rature of  160°,  a  coagulum  is  formed ;  and  that  a  substance  still  re- 
mains in  solution,  which  is  coagulable  by  Goulard's  extract  of  lead. 
These  properties  indicate  the  presence  both  of  albumen  and  of  mu- 
cus. By  evaporation,  the  tears  afford  a  yellow  extract,  which  is  in- 
soluble in  water,  but  is  readily  soluble  in  alkalis.  Sulphuric  acid 
disengages  from  this  extract  both  carbonic  acid  and  muriatic  acid 
gases.  After  its  combustion,  phosphate  of  soda  and  phosphate  of 
lime  are  also  discovered  in  it.  Fresh  tears  are  decomposed  by 
oxymuriatic  acid,  and  a  precipitate  is  thrown  down  in  flakes,  which 
resembles  the  matter  obtained  by  evaporation.  Tears,  therefore, 
are  composed  of  water  ;  an  animal  fluid  resembling  albumen  ;  ano- 
ther fluid  which  is  probably  mucus  ;  and  various  neutral  salts. 

3.  The  humours  of  the  eye.  The  aqueous  humour  is  a  clear  trans- 
parent liquid,  of  the  specific  gravity  of  1009.  It  has  little  smell  or 
taste,  and  scarcely  affects  blue  vegetable  colours.  By  evaporation 
it  leaves  a  residuum,  amounting  to  about  8  per  cent.  Boiling  occa- 
sions a  slight  coagulation  ;  and  tan  precipitates  it,  both  before  and 
after  being  heated.  Nitrate  of  silver  precipitates  muriate  of  silver 
from  it,  but  no  other  metallic  salts  affect  it.  Hence  it  may  be  in- 
ferred, that  the  aqueous  humour  consists  of  a  large  proportion  of 
water;  and  of  albumen,  gelatine,  and  several  neutral  salts. 

The  vitreous  humour  agrees  with  the  aqueous  as  to  the  nature  of 
its  ingredients,  and  differs  only  in  their  proportion.  In  the  crys- 
talline lens,  both  albumen  and  gelatine  are  present  in  considerably 
larger  quantity.  It  is  soluble  in  cold  water  ;  but  the  solution  is  co- 
agulated by  heat,  and  by  the  addition  of  tan.  Its  specific  gravity 
is  nearly  1100. — It  appears,  therefore,  that  all  the  humours  of  the 
eye  are  composed  of  the  same  ingredients,  and  differ  only  in  the 
pioportion  which  they  bear  to  each  other. 

A  recent  analysis  of  the  humours  of  the  eye  by  Berzelius,  has 
determined  their  composition  as  follows. 


Aqueous  Humour.  Vitreous  Humour. 

•   Water 98.10 98.40 

Albumen a  trace 0.16 

Muriates  and  lactates    .     .        1.15 M2 

Soda   with    animal  matter?    Q  75  ....     0.02 
soluble  in  water    ...  5 

100.  ioo. 

The  lens  of  the  eye  was  found  to  be  composed  of 
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Water 58 

Peculiar  matter 35.9 

Muriates,  lactates,  and  animal  matter  soluble  }    „ 

in  alcohol 5 

Animal  matter  soluble  only  in  water      ...       1.3 
Insoluble  membrane 2.4 


100. 


4.  Liquor  of  surfaces.  On  the  surface  of  every  cavity  through- 
out the  body  a  fluid  is  constantly  poured  out,  in  sufficient  quantity 
to  lubricate  the  parts  ;  and  occasionally,  also,  to  keep  certain  cavities 
in  a  state  of  distension.  To  this  head  may  be  referred  the  fluid 
which  moistens  the  pleura  and  the  peritonaeum,  and  the  contents 
of  the  pericardium,  of  the  ventricles  of  the  brain,  and  of  the 
amnios.  It  is  only  a  part  of  these,  however,  that  have  been  accu- 
rately examined. 

The  liquor  of  the  pericardium  has  been  analyzed  by  Dr.  Bos- 
tock.  It  had  the  appearance  of  the  serum  of  the  blood  ;  and  when 
exposed  to  the  heat  of  boiling  water,  became  opake  and  gelatinous. 
By  slow  evaporation  it  left  a  residuum  equal  to  -Jj  of  the  whole.  It 
was  precipitated  by  oxy-muriate  of  mercury;  after  the  action  of 
which  infusion  of  galls  had  no  effect,  but  a  copious  sediment  was 
produced  by  Goulard's  extract.  From  these  characters  Dr.  Bostock 
is  disposed  to  consider  it  as  a  compound  of  albumen  and  mucus 
with  muriate  of  soda  and  water,  but  without  any  gelatine.  The 
following  proportions  he  assigns  as  approximations : 

Water 92 

Albumen      .....     5.5 

Mucus 2 

Muriate  of  soda    ...     0.5 


100* 


The  liquor  of  the  amnios,  or  the  fluid  which  surrounds  the  fetus, 
is  stated  by  Vauquelin  and  Buniva  to  be  remarkable,  in  the  cow, 
for  affording  a  peculiar  acid,  already  described  under  the  name  of 
the  amniotic;  but  Dr.  Prout,  who  has  lately  examined  this  liquor 
with  much  attention,  was  not  able  to  detect  any  such  principle.! 
The  liquor,  on  which  he  made  his  experiments,  had  the  sp.  gr. 
1.013.  Its  taste  was  bland,  and  sweetish  like  fresh  whey;  artd, 
when  concentrated  by  evaporation,  it  yielded  crystals  of  sugar  of 
milk.     It  consisted  of 

Water 977 

Albumen -2.6 

Substance  soluble  in  alcohol    ....     16.6 
Saline  substances  and  sugar  of  milk     .       3.8 


1000 
*  Nicholson's  Journal,  xiv.  147.  f  Thomson's  Ann.  r.  417. . 


SBCT.  IV.  FLUID    OF    PERSPIRATION.  565 

In  the  human  subject,  the  composition  of  the  liquor  of  the  amnios 
is  entirely  different;  none  of  the  amniotic  acid  appearing  to  exist 
in  it.  The  only  ingredients,  that  are  found  in  it,  are  albumen, 
gelatine,  with  a  portion  of  muriate  and  carbonate  of  soda  and  some 
phosphate  of  lime.  It  is  precipitated  by  heat,  by  acids,  by  alcohol, 
and  by  infusion  of  galls. 

5.  Lymph,  The  fluid  found  in  the  thoracic  duct  of  animals  that 
have  been  kept  24  hours  without  food,  is  perfectly  transparent  and 
colourless,  and  seems  to  differ,  in  no  respect,  from  that  which  is 
contained  in  the  lymphatic  vessels.  Its  properties  ate  described 
by  Mr.  Brande  as  follows  : 

1.  It  is  miscible  in  every  proportion  witli  water. 

2.  It  produces  no  change  in  vegetable  colours. 

3.  It  is  neither  coagulated  by  heat,  by  acids,  nor  by  alcohol,  but 
is  rendered  slightly  turbid  by  the  last-mentioned  agent. 

4.  It  gives,  on  evaporation,  a  very  sparing  residuum,  which  turns 
the  colour  of  violet  paper  green.  By  incineration,  this  matter  gives 
a  very  little  muriate  of  soda,  but  no  iron. 

5.  When  submitted  to  electrical  action,  there  was  an  evolution  of 
alkali,  and  a  separation  of  albumen,  at  the  negative  pole.  At  the 
positive  wire,  muriatic  acid  only  seemed  to  be  evolved. 

6.  Synovia.  This  fluid  which  is  found  in  the  cavities  of  the 
joints,  may,  from  its  office  in  lubricating  the  parts  in  which  it  is 
found,  be  described  in  this  place,  though  in  composition  it  differs 
considerably  from  the  liquor  of  surfaces.  It  is  at  first  a  viscid 
liquid,  but  soon  becomes  gelatinous;  and,  after  remaining  some 
time  in  this  state,  again  assumes  a  fluid  form  and  deposits  a  fibrous 
matter.  Alcohol  separates  from  it  a  portion  of  albumen,  but  the 
remaining  liquid  remains  viscid.  Acetic  acid  destroys  its  viscidity, 
and  precipitates  a  quantity  of  white  threads,  which  have  a  striking 
resemblance  to  vegetable  gluten.  The  same  substance  is  pre- 
cipitated by  the  mineral  acids,  but  not  unless  they  are  diluted  with 
a  large  quantity  of  water ;  for  in  their  concentrated  form,  they  have 
the  power  of  dissolving  it.  By  continuing  the  analysis,  several 
neutral  salts  may  be  obtained,  and  the  proportions  of  the  entire 
fluid  have  thus  been  stated  by  Margueron.* 

Fibrous  matter 11.85 

Albumen 4.52 

Muriate  of  soda      ....      1.75 

Soda 0.71 

Phosphate  of  lime  ....     0.70 
Water 80.46 


100 


7.  The  Jiuid  of  fiersfiiration  has  been  examined  by  Berzelius  ; 
but  under  the  disadvantage  of  operating  in  a  very  small  quantity. 
A  few  drops,  collected  and  evaporated  on  a  watch  glass,  left  a 
yellowish   residue,  having   all   the  appearance,  under   the   micio- 

*  Annalcs  de  Chimic,  xiv. 
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scope,  of  the  usual  mixture  of  muriates  of  potash  and  soda  with 
lactic  acid,  lactate  of  soda,  and  its  accompanying  animal  matter.  It 
reddened  litmus,  and  dissolved  in  alcohol  ;  and  was,  without  doubt, 
of  the  same  nature  as  the  analogous  matter  found  in  other  animal 
fluids.  The  acetic  acid,  which  Thenard  supposed  he  had  discover- 
ed in  the  fluid  of  perspiration,  was  most  probably  a  product  of  his 
mode  of  operating. 


SECTION  V. 

Of  the  Urine  and  Urinary  Calculi. 

The  urine,  though  one  of  the  most  complicated  fluids  of  the 
animal  body,  containing  at  least  a  dozen  different  substances,  is 
perhaps  one  of  those,  the  composition  of  which  is  now  best  under- 
stood. For  a  long  period  of  time,  the  attention  of  chemists  seems 
to  have  been  limited  to  the  extraction  of  phosphorus  and  neutral 
salts  irom  urine ;  but  a  new  direction  was  given  to  their  labours, 
by  the  valuable  discoveries  of  Fourcroy  and  Vauquelin.*  The 
analysis  of  the  urine  has  been  prosecuted,  also,  with  great  success 
in  this  country  by  Cruickshank  ;t  in  Spain  by  Proust  ;\  and  recently 
by  that  indefatigable  philosopher,  Professor  Berzetius  of  Stock- 
holm^ And  though  some  important  facts  have  been  contributed 
by  other  persons,  yet  it  is  chiefly  to  these  writers  that  we  are  in- 
debted for  the  materials  of  its  chemical  history. 

The  external  properties  of  the  urine  need  no  description;  and 
indeed  none  would  apply  universally  to  a  fluid,  which  is  constantly 
varying,  not  only  in  the  diseased  but  in  the  healthy  state  of  the 
body.  The  following  account  of  its  chemical  properties  is  to  be 
understood  as  applying  to  the  urine  which  is  voided  early  in  the 
morning,  or  at  least  several  hours  after  a  meal.  In  this  state  it 
has  a  deep  yellow  colour,  and  an  intensely  bitter  taste.  Its  specific 
gravity  is  variable.  Dr.  Bryan  Robinson  fixes  it  at  1030,  water 
being  1000;  and  Mr.  Cruickshank  found  it  to  vary  from  1005  to 
1033.  From  my  own  experiments,  I  am  disposed  to  consider  the 
number  staled  by  Dr.  Robinson  as  a  fair  general  average. 

The  substances,  which  appear  to  me  to  have  been  satisfactorily 
proved  to  exist  in  healthy  urine,  are  the  following  : 

1.  Water.  11.  Albumen. 

2.  Free  phosphoric  acid.  12.  Lactate  of  ammonia. 

3.  Phosphate  of  lime.  13.  Sulphate  of  potash. 

4.  Phosphate  of  magnesia.  14.  Sulphate  of  soda. 

5.  Fluoric  acid.  15.  Fluate  of  lime. 

6.  Uric  acid.  16.  Muriate  of  soda. 

7.  Benzoic  acid.  17.  Phosphate  of  soda. 

8.  Lactic  acid.  18.  Phosphate  of  ammonia. 

9.  Urea.  19.  Sulphur. 
10.  Gelatine.                                             20.  Silex. 

*  Annales  de  Chimie,  xxxi.  48.  f  Phil.  Mag.  ii.  240. 

t  Annales  de  Chimie,  xxsvi.  258.  §  Thomson's  Annals,  ii.  416. 
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The  presence  of  an  uncombined  acid  in  urine  is  shown  by  its  in- 
variably, when  recently  voided,  reddening  blue  vegetable  colours. 
This  effect  is  owing  partly  to  the  phosphoric,  and  partly  to  the  lac- 
tic and  uric  acids,  which  urine  contains.  The  lactic  and  phospho- 
ric acids  form  the  solvent,  by  which  the  phosphate  of  lime  is  re- 
tained in  solution;  and,  if  this  portion  of  acid  be  saturated,  the 
earthy  salt  is  precipitated.  Hence  a  few  drops  of  pure  ammonia, 
added  to  recent  urine,  occasion  a  white  cloud,  and  a  sediment  of 
neutral  phosphate  of  lime  falls,  in  the  proportion  of  about  two 
grains  from  four  ounces  of  urine.  If  lime-water  be  mixed  with 
urine,  a  still  larger  quantity  of  phosphate  of  lime  is  deposited  ;  for 
the  newly  added  earth  unites  with  the  free  phosphoric  acid,  and  a 
quantity  of  phosphate  of  lime  is  generated,  in  addition  to  that  which 
before  existed  in  solution.  In  the  precipitate,  formed  by  either 
of  these  processes,  a  small  proportion  of  magnesia  is  discoverable, 
which  existed,  no  doubt,  in  combination  with  phosphoric  acid. 
The  sediment  contains,  also,  according  to  Berzelius,*  fluate  of 
lime.  The  presence  of  the  last-mentioned  substance  was  ascer- 
tained by  adding  sulphuric  acid,  which  set  at  liberty  vapours  of 
fluoric  acid,  in  sufficient  quantity  to  corrode  glass. 

When  the  urine  had  stood  for  about  24  hours  at  a  mean  tempera- 
ture, the  uric  acid  and  phosphate  of  lime  are  in  a  great  measure  de- 
posited ;  and  still  more  speedily  and  completely,  if  the  urine  be  first 
evaporated  to  half  its  hulk.  They  may  be  separated  from  each 
other,  either  by  diluted  nitric  acid,  which  leaves  the  uric  acid,  and 
takes  up  only  the  phosphate  of  lime  ;  or  by  calcining  the  mixture  in 
a  red-heat,  which  destroys  the  uric  acid,  but  not  the  calcareous 
phosphate.  By  this  operation,  the  uric  acid  is  found  to  vary  considera- 
bly ;  but  the  phosphate  of  lime  is  pretty  constantly  in  the  proportion 
of  a  grain  from  two  ounces  of  urine.  The  quantity  of  uric  acid, 
obtained  from  urine,  is  greatly  increased  by  adding  to  that  fluid  al- 
most any  other  acid,  and  allowing  it  to  stand  for  some  days  ;  at  the 
end  of  which  time  small  crystalline  grains  will  be  found  lining  the 
inner  surface  of  the  vessel. t 

The  existence  of  salts,  containing  sulphuric  acid,  in  urine,  is 
proved  by  adding  muriate  of  barytes,  to  urine  acidulated  with  mu- 
riatic acid.  This  excess  of  acid  prevents  the -precipitation  of  the 
phosphates,  which  would  otherwise  be  decomposed  by  the  barytic 
salt.  From  the  weight  of  the  precipitate,  Berzelius  computes  that 
the  proportion  of  sulphuric  acid  in  urine  exceeds  that  of  phos- 
phoric acid. — If  nitrate  of  barytes,  with  an  excess  of  nitric  acid,  be 
employed,  and  if  the  urine,  after  depositing  the  sulphate  of  barytes, 
be  evaporated,  a  further  portion  of  sulphate  of  barytes  is  deposited 
in  small  hard  crystals.  Now  the  sulphuric  acid,  which  occasions 
this  second  production  of  the  barytic  sulphate,  must  have  been 
formed  during  evaporation  ;  and  can  only  be  accounted  for  by  sup- 
posing, that  a  portion  of  sulphur,  existing  in  the  urine,  has  been 
acidified  by  the  excess  of  nitric  acid. 

*  Annates  de  Chimie,  Ixi.  256,  and  Thomson's  Annals,  ii.  416 
f  E#an,  Philosophical  Magazine,  xxiii.  298. 
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When  urine,  which  has  deposited  its  phosphate  of  lime  and  uric 
acid,  is  submitted  to  distillation,  a  liquid  condenses  in  the  receiver, 
which   has    a  very   peculiar  and   nauseous  smell,  and   effervesces 
strongly  with  acids,  in  consequence  of  its  containing  carbonate  of 
ammonia.     In  the  retort  there  remains  a  residuum,  which,  if  eva- 
porated  to  the  consistence  of  honey,  composes  from  ,/l  to  -X  the 
weight  of  the  urine.  When  a  little  ot  this  extract  is  added  to  a  quan- 
tity of  nitric  acid,  diluted  with  an  equal  weight  of  water,  a  number 
of  shining  white  or  yellowish  scales  are  deposited,  resembling  the 
boracic  acid,  and   in    the    proportion  of  |  or  %  the  weight  of  the 
extract.     This  precipitate  is  occasioned  by  the  action  of  the  nitric 
acid  on  the  urea,  which  is  contained  in  urine  ;  and  to  the  decom- 
position of  the   same    substance   is  owing   the   carbonate  of  am- 
monia, obtained  from  urine   by  distillation.     (See    the   secLion  on 
Urea.) 

From  the  extract  of  urine,  the  peculiar  substance,  called  urea, 
may  be  separated  by  digesting  the  extract  repeatedly  with  alcohol, 
and  decanting  the  solutions,  which  are  to  be  gently  evaporated.  Its 
proportion  varies  very  considerably  ;  but  it  has  been  stated,  by  Mr. 
Cruickshank,  at  about  -^  the  weight  of  the  urine,  or  one  half  the 
inspissated  extract.  The  undissolved  residue  contains  lactic  acid 
and  a  number  of  neutral  salts,  consisting  of  muriate  of  potash,  mu- 
riate of  soda,  phosphate  of  soda,  and  phosphate  and  lactate  of  am- 
monia. Muriate  of  ammonia  is,  also,  occasionally  found,  and  is  dis- 
solved, along  with  the  urea,  by  the  alcohol.  These  salts  admit  of 
being  separated  from  each  other  by  solution  and  evaporation.  The 
muriates,  at  a  certain  degree  of  concentration,  form  a  pellicle, 
which  is  to  be  removed  while  the  liquor  is  hot.  The  solution, 
when  cold,  deposits  two  sets  of  crystals;  rhomboidal  prisms,  which 
are  the  phosphate  of  ammonia;  and  rectangular  tables,  consisting 
of  phosphate  of  soda. 

Along  with  the  urea,  a  portion  of  benzoic  acid  is,  also,  taken  up 
by  the  alcohol.  The  presence  of  this  acid  in  urine  may  be  shown, 
by  evaporating  it  to  the  consistence  of  syrup,  and  pouring  in  mu- 
riatic acid  ;  when  a  precipitate  appears,  which  consists  of  benzoic 
acid.  In  human  urine  its  proportion  is  small,  and  Bcrzelius  could 
not  even  discover  a  .trace  of  it;  but  in  that  of  herbivorous  quad- 
rupeds, so  large  a  quantity  exists  as  to  be  worth  extraction.  On 
the  average,  Vauquelin  has  shown  that  it  forms  about  -j^  of  the 
urine  of  this  class  of  amimals.* 

If  human  urine  be  evaporated  to  the  consistence  of  syrup 
only,  and  alcohol  be  added,  the  substance  remaining  undissolved 
is  acid.  The  acid  combines  with  ammonia,  and  the  compound  is 
soluble  in  alcohol.  From  this  solution  the  ammonia  is  disengaged 
by  lime  ;  and  from  the  new  salt  thus  formed,  the  lime  may  be  pre- 
cipitated by  oxalic  acid,  which  leaves  the  lactic  acid  dissolved  in 
water.  By  this  process,  a  small  part  only  of  the  lactic  acid  is  ob- 
tained from  urine  ;  the  greater  portion  of  it  being  dissolved  by  the 
alcohol,  together  with  the  lactate  of  ammonia. 

Annales  de  Chimie,  l.\ix.  311. 
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Albumen,  gelatine,  and  mucus  exist,  also,  in  the  urine,  but  in 
very  variable  proportion.  When  urine  is  heated  nearly  to  the  boil- 
ing temperature,  a  white  flocculent  precipitate  often  forms  in  it. 
This  is  in  part  phosphate  of  lime,  thrown  down  by  the  ammonia 
resulting  from  the  decomposition  of  urea;  but  it  also  contains  co- 
agulated albumen,  which  remains  after  adding  muriatic  acid  to 
dissolve  the  calcareous  phosphate.  In  dropsy,  the  proportion  of  al- 
bumen is  often  sufficient  to  produce  a  distinct  coagulation,  both  by 
heat  and  acids.  Gelatine  is  discovered,  on  adding  infusion  of  galls, 
by  a  precipitate  which  amounts,  according  to  Mr.  Cruickshank,  to 
one  ji^  part  the  weight  of  the  urine. 

Mucus,  also,  is  suspended  in  all  newly  evacuated  urine,  and  af- 
fects its  perfect  transparency.  If  the  urine  be  voided  in  different  por- 
tions, the  mucus,  which  naturally  lines  the  urinary  passages,  is  most 
abundant  in  the  first,  and  less  so  in  the  subsequent  portions. 
When  recent  urine  is  filtered,  the  mucus  remains  on  the  filter,  in 
the  form  of  transparent  and  colourless  flocculi.  The  cloud,  which 
appears  in  the  urine  during  fever,  is  merely  this  mucus,  which 
subsides  more  slowly  than  usual,  in  consequence  of  the  increased 
specific  gravity  of  the  urine.  From  urine  filtered  when  warm,  a 
greyish  white  sediment  falls  in  cooling,  which  gradually  acquires 
a  reddish  hue  and  a  crystalline  form.  The  greyish  powder  is  so- 
luble in  caustic  potash,  without  any  evolution  of  ammonia ;  but,  as 
it  becomes  red  and  crystallized,  potash  disengages  ammonia  from 
it  in  abundance.  Berzelius  considers  it,  therefore,  as  urate  of  am- 
monia with  excess  of  acid.  The  deposit  is  partly  soluble,  also,  in 
acetic  acid,  which  extracts  a  substance  having  the  characters  of 
mucus  There  appears,  indeed,  to  be  an  affinity  between  uric  acid 
and  mucus  ;  for  that  acid  separates  most  abundantly  from  urine, 
which  has  not  been  deprived  of  mucus  by  filtration.  In  some 
diseases  of  the  bladder,  its  mucous  secretion  appears  to  undergo 
a  considerable  change,  and  to  assume  a  purulent  appearance.* 

Sulphur  was  first  discovered  in  urine  by  Proust.  This  fluid,  he 
observes,  blackens  silver  vessels  in  which  it  is  evaporated,  and 
scales  are  detached  which  consist  of  sulphuret  of  silver.  Sul- 
phuretted hydrogen  gas,  he  finds  also,  is  disengaged  from  urine 
which  has  been  kept  about  fifteen  days;  a  remark,  which  has 
since  been  made,  also,  by  Vogel. 

The  same  distinguished  chemist  supposed  that  he  had  discover- 
ed carbonic  acid  in  urine,  by  examining  the  air  bubbles  which 
arise  from  this  fluid  during  ebullition.  There  can  be  little  doubt, 
however,  that  the  carbonic  acid,  thus  detected,  arises  from  the  de- 
composition of  urea  by  the  increased  temperature.  To  the  same 
source,  also,  (urea)  may  be  referred  the  carbonate  of  lime,  found 
by  Proust  on  the  surface  of  casks  in  which  urine  had  been  kept. 
By  the  decomposition  of  urea,  carbonate  of  ammonia  is  formed  ; 
and  this,  re-acting  on  the  phosphate  of  lime  contained  in  urine, 
would  doubtless  compose  carbonate  of  lime.  The  occasional  pre- 
sence of  the  sulphate  of  soda  rests  on  better  evidence  ;  for  it  fre- 

*  Berzelius  in  Thomson's  Annals,  ii.  420 
4  c 
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quently  happens  that  only  a  part  of  the  precipitate,  formed  by  add- 
ing muriate  of  barytes  to  urine,  is  dissolved  by  muriatic  acid  ;  thus 
indicating  the  formation  of  barytes. 

The  acetic  acid  and  resinous  matter,  which  Proust  imagined  he 
had  discovered  in  urine,  may  be  accounted  for  by  supposing,  that 
they  were  produced,  rather  than  separated,  by  the  processes 
which  he  employed.  At  least  their  existence  in  healthy  urine  is 
equivocal ;  and  it  is  not  improbable  that  this  excellent  chemist  mis- 
took the  lactic  for  acetic  acid.  The  acetic  acid  he  obtained  by 
distilling  a  fresh  extract  of  urine  with  sulphuric  acid  ;  and  the  re- 
sinous matter  by  diluting  the  residue  of  this  distillation  when  be- 
ginning to  grow  thick,  with  a  large  quantity  of  cold  water ;  the 
excess  of  acid  being  afterwards  removed  by  a  little  alkali.  The 
resin  thus  produced   he  found  to  bear  a  striking  resemblance  to 

castor. 

Berzelius  discovered  siliceous  earth  in  urine  by  treating  extract 
of  urine,  first  with  alcohol,  then  with  water,  and  finally  with  mu- 
riatic acid.  The  silex  remained  in  the  form  of  a  grey  powder, 
which,  by  fusion  with  soda,  became  glass.  Its  source  he  appre- 
hends to  be  in  the  water,  which  we  drink,  which  almost  universally 
contains  silex. 

With  regard  to  the  proportion  of  the  different  ingredients  ot 
urine,  Berzelius  finds  that  it  differs  essentially  in  the  same  indivi- 
dual, even  from  causes  which  have  little  influence  on  health.  The 
following  Table  may  be  considered  as  shewing  its  average  com- 
position. 

Water 

Urea 

Sulphate  of  potash 

. —  soda         •         • 

Phosphate  of  soda       . 

, — — -  ammmonia 

Muriate  of  soda  .... 

. ammonia 

Free  Lactic  acid  .... 

Lactate  of  ammonia 

Animal  matter  soluble  in  alcohol  and  ac-  I     \>j  \$, 

companying  the  lactates  .         .      j 

Animal  matter  insoluble  in  alcohol     . 
Urea  not  separable  from  the  above     .     J 
Earthy  phosphates  with  a  trace  of  Fluate  )      j  0Q 
of  Lime  ....  $ 

Uric  acid LOO 

Mucus  of  the  Bladder  .         .  0.32 

Silex     ......  0.03 


1000. 


The  17.14  parts  of  lactic  acid,  Sec  contain  a  quantity  of  water, 
which  cannot  be  abstracted  without  decomposing  those  bodies. 
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The  uric  acid  is  extremely  variable ;  but  in  the  particular  instance, 
which  furnished  the  above  results,  it  was  deposited  on  cooling. 
The  earthy  phosphates  contain  1 1  per  cent  more  magnesia,  than 
exists  in  the  earth  of  bones,  or  in  the  ashes  of  blood.  Much  more 
potash  is  discoverable,  also,  in  urine  and  in  rnilk,  than  in  blood. 

The  putrefaction  of  urine  is  attended  with  a  series  of  changes, 
somewhat  analogous  to  those  accompanying  its  distillation.  The 
urea,  which  it  contains,  is  decomposed  and  converted  into  carbo- 
nate of  ammonia,  which  neutralizes  all  the  redundant  acids,  and 
precipitates  phosphate  of  lime.  At  the  same  time,  the  ammonia, 
uniting  with  the  phosphate  of  magnesia,  composes  a  salt,  which 
settles  in  white  crystals  on  the  inner  surface  of  the  vessel.  This 
salt  is  the  ammoniaco-magnesian  phosphate,  which  constitutes  so 
large  a  part  of  some  urinary  calculi.  The  albumen  and  gelatine 
contained  in  the  urine  also  undergo  decomposition,  and  flakes  are 
deposited,  which  consist  of  both  these  substances.  Acetic  acid  is 
generated,  and  becomes  saturated  with  ammonia.  Acetate  and 
carbonate  of  ammonia,  and  the  ammoniaco-magnesian  phosphate 
appear,  therefore,  to  be  the  principal  substances  generated  by  the 
putrefaction  of  urine. 

Some  important  facts  have  been  ascertained  by  Mr.  Crucikshank, 
respecting  the  changes  that  the  urine  undergoes  in  different 
diseases.  In  dropsy,  the  urine  was  coagulated  so  completely  by 
heat  and  by  acids,  as  to  differ  but  little  from  the  serum  of  the 
blood.  When  this  disease,  however,  arose  from  a  morbid  state  of 
the  liver,  the  urine  was  not  coagulable ;  but  was  observed  to  be 
small  in  quantity,  high  coloured,  and  to  deposit  a  considerable 
portion  of  pink  sediment  (probably  the  substance  rosacee  of 
Proust.)  In  inflammatory  affections,  the  urine  was  found  to  be 
loaded  with  albumen.  In  gout,  towards  the  end  of  the  paroxysm, 
the  urine  deposited  a  lateritious  sediment,  which  consisted  of  a 
very  minute  quantity  of  uric  acid,  a  larger  quantity  of  phosphate 
of  lime,  and  some  peculiar  animal  fluid  not  soluble  in  water.  The 
urine  of  jaundiced  persons  contained  a  small  quantity  of  bile, 
which  was  discoverable  by  the  addition  of  muriatic  acid.  Hyste- 
rical urine  was  remarkable  for  a  large  proportion  of  saline  ingre- 
dients, but  had  scarcely  any  animalized  matter. 

The  composition  of  the  urine  differs  essentially  in  the  different 
classes  of  animals.  Urea  appears  to  be  a  constituent  of  the  urine 
of  all  animals,  so  far  as  it  has  hitherto  been  examined  ;  but  the 
uric  acid  is  not  found  in  herbivorous  quadrupeds,  the  urine  of 
which  contains,  instead  of  it,  a  large  proportion  of  benzoic  acid. 
That  of  the  horse  and  of  the  rabbit  are  remarkable  for  becoming 
milky  after  being  voided,  in  consequence  of  the  deposition  of  car- 
bonate of  lime.  The  urine  of  the  rabbit  contains,  also,  carbonates 
of  magnesia  and  potash,  and  sulphates  of  potash  and  lime.  The 
urine  of  the  cow,  besides  a  larger  proportion  of  benzoic  acid, 
holds  in  solution  carbonate  and  sulphate  of  potash  and  muriate  of 
potash  —The  urine  of  domestic  fowls,  which  is  voided  through  the 
same  passage  as  the  excrement,'  was  f<*'nd  by  Fourcroy  and  Vau- 
quelin,  and   more  lately  by  Chevreul,  to  contain  uric  acid.     And 
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Dr.  Wollaston  has  determined  the  proportion  of  uric  acid  to  be 
greatest,  in  the  urine  ot  birds  that  teed  on  animal  food.  In  the 
hawk,  fed  on  flesh  only,  k  was  remarkably  abundant;  and  the  gau- 
net,  feeding  solely  on  fish,  discharged  no  solid  matter  except  uric 
acid.*  The  uric  acid  has  been  found,  also,  by  Dr.  Proutt  to  con- 
stitute upwards  of  90  per  cent,  of  the  excrement  ot  an  animal,  be- 
longing to  a  different  class,  the  serpent  called  boa  constrictor.  Mr. 
Brande,  some  years  ago,  discovered  it  in  the  urine  of  the  camel. 
But,  on  the  other  hand,  Vauquelin  has  proved  that  it  is  entirely 
absent  from  the  urine  of  the  lion  and  tiger,  though  fed  on  flesh, 
and  though  their  urine  abounds  in  urea 4 

Urinary  calculi.  Connected  with  the  analysis  of  urine  is  that 
of  the  concretions,  which  are  found  in  the  bladder,  and  which  occa- 
sion a  disease,  equally  formidable  from  its  symptoms  and  its  reme- 
dy. Little  was  known  respecting  their  chemical  composition,  till 
the  time  of  Scheele  ;  to  whom  we  owe  on  this,  as  on  many  other 
subjects,  the  first,  and  therefore  the  most  difficult  steps  towards  ac- 
curate analysis.  By  the  discovery  of  the  uric  acid  in  one  of  the 
most  common  varieties  of  calculus,  and  in  the  ordinary  urine,  he 
paved  the  way  to  every  thing  that  has  been  since  ascertained,  re- 
specting other  varieties  ;  and  his  experiments  have  been  most  ably 
followed  up  by  those  of  Dr.  Wollaston,  and  of  Fourcroy  and  Vau- 
quelin. It  is  but  justice  to  Dr.  Wollaston,  however,  to  state  that 
the  principal  distinctions  of  the  several  species  of  calculus  were 
pointed  out  by  him  in  the  year  1797,§  in  a  memoir  not  less  dis- 
tinguished by  the  importance  of  its  facts,  than  by  the  simplicity 
with  which  they  are  narrated.  Two  years  afterwards  the  experi- 
ments of  Fourcroy  and  his  associate  were  communicated  to  the 
National  Institute  ;  so  that  the  title  to  priority  unquestionably  be- 
longs to  our  own  countryman. 

The  ingredients  of  urinary  calculi  are  much  less  numerous  than 
those  of  the  urine.  The  following  appear  to  be  the  only  substances, 
the  existence  of  which,  in  concretions  of  this  sort,  is  sufficiently 
established;  viz.  uric  acid;  phosphate  of  iime  ;  ammoniaco-mag- 
nesian  phosphate  ;  oxalate  of  lime  ;  silex  ;  and  an  animal  matter, 
which  serves  the  purpose  of  a  cement  to  the  earthy  ingredients. 
To  these,  Proust  has  added  the  carbonate  of  lime  ;||  but,  in  this  in- 
stance, there  is  reason  to  doubt  of  an  authority  which  is  in  most 
cases  unquestionable.  It  is  scarcely  ever  that  any  of  these  sub- 
stances is  found  singly.  Nevertheless,  the  predominance  of  some 
one  of  them  gives  to  the  concretion  its  peculiar  characters ;  and 
determines  the  genus  to  which  it  should  be  assigned.  Several  ar- 
rangements of  urinary  calculi  have  been  contrived.  Fourcroy  and 
Vauquelin  have  enumerated  three  genera,  which  they  have  divid- 
ed again  into  no  less  than  twelve  species.  In  these  subdivisions, 
however,  several  minute  differences  have  been  attended  to,  which 

*  Phil.  Trans.  1810.  f  Thomson's  Annals,  v.  413. 

\  82  Ann.  de  Chim.  199. 

§  See  the  Philosophimil  Transactions  for  that  year 

I!  Ann.  de  Chim.  xxxvi. 
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are  scarcely  sufficient  grounds  for  specific  distinctions  ;  and  it  ap- 
pears to  me  sufficient  for  every  purpose  of  arrangement  to  class 
tbcm  under  the  four  following  heads. 

I.  Calculi  which  are  chiefly  composed  of  uric  acid  : 

II.  Calcuii  principally  composed  of  the  ammoniaco-magnesian 
phosphate  : 

III.  Calculi  consisting,  for  the  most  part,  of  phosphate  of  lime  : 

IV.  Calculi  which  derive  their  characteristic  property  from  oxa- 
late of  lime  ;  and 

V.  Calculi  composed  of  the  substance  discovered  by  Dr.  Wol- 
laston,  and  called  by  him  cystic  oxide. 

I.  The  calculi  composed  entirely  of  uric  acid  are  of  very  rare  oc- 
currence ;  but  those,  in  which  it  prevails,  and  gives  the  character 
of  the  species,  form  a  very  considerable  proportion.  Calculi  of  this 
kind  are  of  various  sizes,  from  that  of  a  bean  to  that  of  a  large  egg. 
Their  shape  is  most  commonly  a  flattened  oval ;  but  when  more 
than  one  are  found,  they  acquire,  by  friction  against  each  other,  se- 
veral sides  and  angles.  The  best  view  of  their  internal  structure 
is  obtained  by  sawing  them  through  their  longest  and  widest  dia- 
meter, when  they  exhibit  generally  a  central  nucleus,  of  more  com- 
pact texture,  and  greater  hardness  and  lustre,  than  the  rest  of  the 
stone  ;  but  generally  ot  the  same  figure.  From  this  to  the  circum- 
ference, a  number  of  distinct  layers  are  perceived;  and  these  layers, 
when  the  calculus  is  broken,  exhibit  a  radiated  structure,  the  radii 
converging  towards  the  centre.  The  harder  varieties,  when  di- 
vided by  the  saw,  admit  of  some  degree  of  polish,  and  bear  a  consi- 
derable resemblance  to  wood.  Their  colour  is  various,  but  gene- 
rally of  different  shades  of  yellow,  from  pale  straw  yellow  to  a  deep 
shade  of  that  colour,  approaching  brown,  or  sometimes  brown  with 
a  mixture  of  red.  Their  specific  gravity,  according  to  Fourcroy, 
varies  from  1.276  to  1.786;  but  generally  exceeds  1.500 

The  chemical  characters  of  calculi  of  this  kind  resemble  those 
of  the  uric  acid.  When  burned  in  a  crucible,  they  emit  the  smell 
of  horn,  and  are  almost  entirely  consumed  ;  a  black  dense  coal  re- 
maining which  amounts  to  about  one  fifth  the  weight  of  the  calculus. 
They  dissolve,  either  wholly  or  in  great  measure,  in  solutions  of 
pure  potash  and  pure  soda,  and  are  precipitated  again  by  acids.  A 
very  striking  property  of  this  sort  of  concretions  is,  that  when  a  few 
grains  are  heated  with  a  small  quantity  of  nitric  acid,  and  the  mix- 
ture evaporated  to  dryness,  a  beautiful  red  substance  remains,  which 
dissolves  in  water  and  tinges  the  skin  of  the  same  colour. 

II.  The  ammoniaco-magnesian  phosphate  is  scarely  ever  found 
without  an  admixture  of  some  other  substance,  especially  of  a  small 
proportion  of  phosphate  of  lime.  Calculi  of  this  sort  are  easily 
discriminated,  from  those  of  the  first  species,  by  their  colour,  which 
is  white,  and  generally  pure  white.  They  attain  a  much  greater 
size  than  uric  acid  calculi ;  and,  in  one  or  two  instances,  have  in- 
creased so  as  to  fill  the  whole  capacity  of  the  bladder.  1  he  layers 
are  distinguishable  only  by  different  degrees  of  hardness  and  den- 
sity •  and  small  cells  are  often  formed  by  the  interrupted  deposition 
of  these  layers,  which  are  lined  with  sparkling  crystals.    Thecal- 
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culi  of  this  kind  are  soft,  and  their  powder  dissolves  sufficiently  in 
the  mouth,  to  give  a  distinct  sweetish  tasie. 

Boiling  water  acts  upon  the  ammoniaco-magnesian  phosphate  ; 
and  the  calculus  loses  about  four  tenths  of  its  weight,  which  is  de- 
posited, on  cooling,  in  the  form  of  shining  crystals.  When  exposed 
to  heat  they  first  become  black,  emit  a  smell  of  ammonia,  and  a 
while  powder  is  left,  which  fuses  when  the  heat  is  more  strongly 
urged.  From  this  property,  Dr.  Wollaston  gave  them  the  name  of 
fusible  calculi.  Most  acids  (even  sulphuric  acid  of  the  specific 
gravity  1020)  dissolve  them  rapidly,  and  deposit  them  again  on  the 
addition  of  alkalis.  Pure  alkalis  do  not  dissolve  them,  but  disen- 
gage ammonia.  To  extract  the  phosphoric  acid,  Dr.  Wollaston 
dissolved  the  calculus  in  acetic  acid,  and  precipitated  the  phos- 
phoric acid  by  an  excess  of  acetate  of  lead.  To  the  clear  liquor, 
sulphuric  acid  was  added,  which  threw  down  the  excess  of  lead, 
and,  at  the  same  time,  formed  sulphate  of  magnesia.  Evaporation 
to  dryness  removed  the  acetic  acid;  and,  by  raising  the  heat,  the 
sulphate  of  ammonia  and  excess  of  sulphuric  acid  were  cxpelleu ; 
leaving  the  sulphate  of  magnesia  pure,  and  capable  of  forming  crys- 
tals by  solution  and  evaporation. 

III.  The  third  species  of  calculus,  composed  chiefly  of  phosphate 
of  lime,  is  usually,  on  its  outer  surface,  of  a  pale  brown  colour,  and 
so  smooth  as  to  appear  polished.  When  sawed,  it  is  found  to  be 
regularly  laminated,  and  the  layers  adhere  so  slightly,  as  to  be 
readily  separated  into  concentric  coats.  Internally  the  colour  is 
white,  but  not  of  that  pure  and  brilliant  kind,  which  distinguishes 
the  ammoniaco-magnesian  phosphate.  The  small  crystals,  also, 
which  occur  in  the  former  variety,  arc  never  found  in  this;  audits 
powder,  when  rubbed  between  the  fingers,  is  considerably  more 
harsh  and  rough. 

The  phosphate  of  lime  calculus  dissolves,  though  slowly,  in  di- 
luted nitric,  muriatic,  and  acetic  acids  (but  not  in  sulphuric  acid  of 
the  specific  gravity  1020),  and  is  precipitated  unchanged  by  al- 
kalis. A  small  fragment  put  into  a  drop  of  muriatic  acid,  on  a  piece 
of  glass  over  a  candle,  is  soon  dissolved  ;  and,  when  the  acid  is  eva- 
porated, crystallizes  in  needles,  which  make  angles  of  60°  and  \20Q 
with  each  other.  This  property  Dr.  Wollaston  considers  as  a  very 
delicate  lest  of  the  phosphate  of  lime. 

IV.  Calculi  of  the  fourth  kind,  though  their  composition  was  not 
ascertained,  have  been  long  distinguished  from  others,  by  the  pecu- 
liarities of  their  external  characters,  under  the  name  of  mulbemj 
calculi.  The  epithet  has  been  derived  from  their  resemblance  to 
the  fruit  of  the  mulberry.  They  are  of  a  much  darker  colour  than 
the  other  varieties,  and  are  covered,  generally,  with  a  number  of 
projecting  tubercles.  Their  hardness  greatly  exceeds  that  of  the 
other  kinds ;  for  it  is  not  easy  to  reduce  them  to  powder  by  scrap- 
ing with  a  knife.  They  have  also  a  greater  degree  of  specific  gra- 
vity, varying,  according  to  Fourcroy,  from  1428  to  1976. 

Calculi  of  this  species  are  soluble  in  muriatic  and  nitric  acids ; 
but  not  unless  the  acids  are  concentrated  and  heated.  The  solution 
by  muriatic  acid  has  a  deep  brown  colour,  but  deposits  white  crys- 
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tals  on  cooling.  Pure  alkalies  do  not  decompose  this  variety  of 
calculus;  but  when  it  is  digested  with  alkaline  carbonates,  the  oxa- 
lic acid  is  separated,  and  replaced  by  carbonic  acid.  To  exhibit  the 
oxalic  acid  in  a  separate  state,  the  oxalate  of  potash  may  be  decom- 
posed by  acetate  of  barytes  or  super-acetate  of  lead,  and  the  oxa- 
late ot  lead  or  barytes  by  sulphuric  acid.  This  is  the  process  of 
Fourcroy ;  but  Dr.  Wollaston  disengaged  the  oxalic  acid  by  the 
direct  addition  of  sulphuric  acid  to  the  pulverized  calculus,  and  the 
crystallization  of  the  acid  which  was  thus  detached. 

The  presence  of  lime,  in  this  variety  of  calculus,  is  demonstrated, 
in  a  very  simple  manner,  by  burning  it  in  a  crucible,  and  strongly 
calcining  the  residuum.  By  the  addition  of  water,  we  obtain  lime- 
water.  Silex  is  a  very  rare  ingredient,  and  has  been  discovered  in 
calculi,  in  one  or  two  instances  only. 

V.  A  new  species  of  calculus  from  the  human  bladder  was  dis- 
covered by  Dr.  Wollaston,  about  the  year  1805.  It  appears  to  be 
extremely  rare  ;  for  in  1810,  when  its  properties  were  first  describ- 
ed in  the  Philosophical  Transactions,  only  two  instances  of  it  had 
occurred  to  its  discoverer.  With  the  assistance  of  Dr.  Wollaston's 
clear  and  accurate  description,  and  of  the  proper  experiments,  I 
have  recognized  two  other  examples,  in  a  collection  of  calculi  now 
in  my  possession  ;  and  these  four  are,  I  believe,  the  only  specimens 
of  it,  that  have  hitherto  been  met  with. 

In  external  appearance,  these  calculi  resemble  more  nearly  the 
triple  phosphate  of  magnesia  than  any  other  sort  of  calculus  ;  but 
they  are  more  compact,  and  do  not  consist  of  distinct  laminae,  but 
appear  as  one  mass,  confusedly  crystallized  throughout  its  sub- 
stance. They  have  a  yellowish  semi-transparency,  and  a  pecu- 
liar glistening  lustre,  like  that  of  a  body  having  a  high  refractive 
density. 

Under  the  blow  pipe,  the  new  calculus  gives  a  peculiarly  fcetid 
smell,  quite  distinct  from  that  of  uric  acid.  Distilled  in  close  ves- 
sels, it  yields  fcetid  carbonate  of  ammonia,  partly  solid  and  partly 
fluid,  and  a  heavy  foetid  <>\\  ;  and  there  remains  a  black  spongy  coal, 
much  smaller  in  proportion  than  from  uric  acid  calculi. 

It  is  so  readily  acted  upon  by  chemical  agents,  that  its  charac- 
ters are  best  taken  from  an  enumeration  of  the  few  feeble  powers, 
which  it  can  resist.  These  are  water,  alcohol,  acetic,  tartaric,  and 
citric  acids,  and  saturated  carbonate  of  ammonia  ;  all  which  are  in- 
capable of  dissolving  it,  except  in  very  minute  proportion. 

Its  solvents,  on  the  other  hand,  are  far  more  numerous.  It  is 
abundantly  dissolved  by  muriatic,  nitric,  sulphuric,  phosphoric,  and 
oxalic  acids  ;  by  potash,  soda,  ammonia,  and  lime  water  ;  and  even 
by  fully  saturated  carbonates  of  potash  and  soda.  When  there- 
forest  is  intended  to  separate  it  from  acids,  the  carbonate  of  am- 
monia is  best  adapted  to  the  purpose  ;  and,  for  the  same  reason, 
the  acetic  and  citric  acids  are  best  suited  to  precipitate  it  from  al- 
kalis. 

Its  combinations  with  acids  crystallize  in  slender  spiculse,  radiat- 
ing from  a  centre,  which  readily  dissolve  again  in  water.  Its  com- 
pounds with  alkalis  form  small  granular  crystals. 
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As  this  substance  does  not  affect  vegetable  colours,  and  has  all 
the  chemical  habitudes  of  an  oxide,  Dr.  Wollaston  distinguishes  it 
by  the  name  of  cystic  oxide. 

Such  are  the  principle  kinds  of  urinary  concretions.  If  any  addi- 
tion were  made  to  the  five  classes,  under  which  they  have  been  ar- 
ranged, I  would  propose  to  add  two  others ;  the  sixth  compre- 
hending those  calculi,  which  contain  several  of  the  foregoing  in- 
gredients, in  such  a  state  of  admixture  as  not  to  be  distinguishable 
without  chemical  analysis;  and  the  seventh  those,  in  which  the  dif- 
ferent substances  are  disposed  in  layers  or  in  concentric  strata.  It 
may  be  proper,  however,  to  give  an  outline  of  the  classification,  pro- 
posed by  Fourcroy  and  Vauquelin,  after  the  analysis  of  more  than 
600  of  these  concretions. 


Genus  I. — Calculi  composed  of  one  ingredient  only 

Sftecies     1.     Calculus  of  uric  acid. 

2.  — — — urate  of  ammonia.* 

3. oxalate  of  lime. 

Genus  II. — Calculi  composed  of  two  ingredients. 

Species     1.     Calculus  of  uric  acid  and  earthy  phosphates  indis- 
tinct layers. 
2. of  uric  acid  and  earthy  phosphates  inti- 
mately mixed. 

3.  Calculus  of  urate  of  ammonia  and  the  phosphates  in 

layers. 

4. of  the  same  ingredients  intimately  mixed. 

5. of  earthy  phosphates  mixed  or  else  in  fine 

layers. 
6.    of  oxalate  of  lime  and  uric  acid  in  distinct 

layers. 
7. of  oxalate  of  lime  and  earthy  phosphates  in 

layers. 

Genus  III. — Calculi  composed  of  three  or  four 

INGREDIENTS. 

Species     1 .    Calculus  of  uric  acid  or  urate  of  ammonia,  earthy 
phosphates,  and  oxalate  of  lime. 
2. of  uric  acid,  urate  of  ammonia,  earthy  phos- 
phates, and  silex. 

The  urinary  concretions,  which  have  been  extracted  from  the 
bladders  of  inferior  animals,  differ  from  those  of  the  human  subject 

*  The  existence  of  urate  of  ammonia,  as  an  ingredient  of  calculi,  has  lately 
been  rendered  very  questionable,  to  say  the  least,  by  Mr.  Brande,  with  whost 
experience  on  this  point  my  own  entirely  agrees. 
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in  containing  no  uric  acid,  and  in  consisting  chiefly  of  carbonate 
and  phosphate  of  lime,  cemented  by  animal  matter. 


SECTION  VI. 

Of  Bones,  Shells,  Crusts,  Horn,  and  Cartilage. 

The  bones  of  animals  are  composed  partly  of  earthy  salts,  which 
give  them  solidity  and  hardness,  and  partly  of  animal  matter,  which 
serves  the  purpose  of  a  cement,  and  keeps  the  earthy  ingredients 
in  a  state  of  union.  By  long  continued  boiling,  a  large  part  of  the 
animal  matter  is  extracted,  and  a  solution  is  obtained,  which  con- 
cretes, on  cooling,  into  a  gelatinous  mass.  Hence  bones  contain 
gelatine  as  one  of  their  ingredients.  But  besides  this  animalized 
substance,  another  is  discovered  by  the  slow  action  of  diluted  nitric 
or  muriatic  acid.  Either  of  these  acids  dissolves  both  the  earthy 
salts  and  gelatine  ;  and  a  soft  flexible  substance  remains,  retaining, 
in  a  great  measure,  the  shape  of  the  original  bone.  This  soft  and 
spongy  substance  seems  to  be  analogous  to  cartilage  ;  and  is  essen- 
tial to  the  constitution  of  all  organized  bones  and  shells.  Its  pro- 
duction appears  to  be  the  first  step  in  the  formation  of  bone,  and  of 
the  other  hard  coverings  of  animals.  In  chemical  composition,  it 
has  been  found  by  Mr.  Hatchett  (to  whom  we  owe  its  discovery) 
most  to  resemble  coagulated  alburn. 

Besides  the  marrow,  which  is  rouged  in  the  hollow  cavities  of 
bones,  they  contain,  in  the  most  hard  and  solid  part  of  their  sub- 
stance, a  proportion  of  oil.  This  oil  makes  its  appearance  in  a 
hard  and  suetty  form,  on  the  surface  of  the  gelatinous  mass  ex- 
tracted by  boiling.  It  exudes,  also,  from  the  bones  of  recent  ana- 
tomical preparations  ;  and  a  portion  of  it  passes  over,  in  a  separate 
but  altered  state,  when  bones  are  submitted  to  distillation.  By  this 
process,  bones  are  deprived  not  only  of  their  oily  part,  but  the  other 
animal  substances  which  they  contain  are  decomposed  ;  a  quantity 
of  carbonate  of  ammonia  is  generated;  and  in  the  retort  there  re- 
main the  earthy  ingredients  blackened  by  charcoal.  By  a  farther 
combustion  in  the  open  air,  this  charcoal  is  destroyed ;  and  the 
earthy  ingredients  are  left  in  a  perfectly  white  state.  In  this  way 
large  quantities  of  bones  are  distilled  for  the  sake  of  the  carbonate 
of  ammonia,  which  is  afterwards  applied  in  making  the  muriate  of 
that  alkali.  The  animal  oil  (formerly  used  in  medicine,  under  the 
name  of  Di/ificCs  oil)  is  now,  on  account  of  its  offensive  smell, 
which   unfits  it   for   most  other   purposes,  chiefly  converted  into 

lamp-black. 

When  diluted  muriatic  or  nitric  acid  is  poured  upon  the  white 
ashes  of  bones,  an  effervescence  takes  place,  and  nearly  the  whole 
is  dissolved.  Solution  of  pure  ammonia  added  to  the  filtered  li- 
quid, precipitates  a  white  earth  in  great  abundance;  but  after  it 

4  D 
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has  ceased  to  produce  any  effect,  the  addition  of  carbonate  of  am- 
monia occasions  a  fresh  precipitation.  What  is  thrown  down  by 
the  pure  alkali  is  composed  of  phosphate  of  lime  and  a  small  quan- 
tity of  phosphate  of  magnesia ;  and  the  precipitate  by  the  mild 
alkali  is  the  carbonate  of  lime.  The  proportions,  deduced  from 
the  analysis  of  ox-bones  by  Fourcroy  and  Vauquelin,  are  the  fol- 
lowing : 

Animal  matter 5  I 

Phosphate  of  lime  ....  37.7 
Carbonate  of  lime  ....   10 
Phosphate  of  magnesia  .     1.3 

100 

Human  bones  were  found  by  Fourcroy  and  Vauquclin  (who  have 
given  a  good  general  formula  for  the  analysis  of  bones*)  to  contain 
some  iron  and  manganese,  and  a  larger  proportion  of  magnesia 
than  exists  in  the  bones  of  herbivorous  quadrupeds.  This,  indeed, 
might  have  been  expected  from  the  large  quantity  of  magnesia, 
which  is  constantly  passing  off  in  human  urine,  but  not  in  that  of 
other  animals.  Alumine  and  silex  were,  also,  found,  by  the  same 
chemists,  in  human  bones.  Hildebrandt,  however,  has  lately  ana- 
lyzed human  bones,  without  being  able  to  discover  magnesia  in 
them.f 

Besides  the  above  ingredients,  Mr.  Hatchett  discovered  in  bones 
a  minute  quantity  of  sulphate  ftLlime  ;  and  Berzelius  has  detected 
a  combination  of  fluoric  acid  Vrth  the  same  earth,  which  Moroc- 
chini  had  previously  found  in  enamel.  Berzelius  has  given  the 
following  tabular  view  of  the  results  of  his  analysis.} 


Enamel 

Enamel 

Dry 

of  Hu- 

Dry 

of 

Human 

man 

Ox  Bones. 

Ox 

Bones. 

Teeth. 

Teeth. 

Cartilage 

.   .   32.17  . 

.  .   33.30  . 

.  .     3.-56 

Fluate  of  lime    ..".... 

.  .      2.0     , 

.   .   3.2  .   . 

.  .     2.90  . 

.  .     4.0 

Phosphate  of  lime 

.    51.04   . 

85.3  .   . 

.  .    55.45  . 

.  .  81.0 

Carbonate  of  lime    .... 

.   .    11.30   . 

.   8.0  .   . 

.  .      3.85  . 

.   .     7.10 

Phosphate  ol  magnesia  . 

.   .      1.16   . 

.    1.5  .   . 

.   .     2.05  . 

.  .     30 

Soda,  muriate  of  soda,) 

.      1.20  . 

.   2.0  .   . 

.   .     2,45  .  , 

.  .      1.34 

water,  &c.                    $ 

100  100  100  100 

Human  teeth  are  composed  of  the  same  ingredients  as  the  ena- 
mel, and  in  the  same  proportion,  except  that,  in  addition  to  other 
ingredients,  they  contain  cartilage.     This  cartilaginous  basis  Mr. 

*  72  Ann.  de  Chim.  282.  -f-  88  Ann.  do.  Chim.  199. 

}  Annales  de  Chimie,  lxi.  257. 
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Hatchett  found  to  remain,  in  the  original  shape  of  the  tooth,  after 
removing  the  other  component  parts  by  diluted  nitric  acid.  The 
enamel,  on  the  contrary,  dissolves  entirely  in  diluted  nitric  acid, 
and  is,  therefore,  free  from  cartilage.  But  it  probably  contains  ge- 
latine, and  to  the  solution  of  this  animal  substance  (which  is  not 
afterwards  precipitable  by  alkalis)  may  perhaps  be  asci'ibed  the 
loss,  which  forms  part  of  the  following  results  of  the  analysis  of 
enamel  obtained  by  Mr.  Pepys.  He  found  the  enamel  of  human 
t$eth  to  consist  of 

Phosphate  of  lime 78 

Carbonate  of  lime     6 

Loss  and  water  .........   16 

100 

The  substance  of  the  teeth  Mr.  Pepys  found  to  be  composed  as 

•follows  : 

Roots  of  the      Teeth  of    First  Teeth  of 
Teeth.  Adults.  Children. 

Phosphate  of  lime 58 64  ...  .  62 

Carbonate  of  lime 4 6  .  .  .  .  6 

Cartilage 28 20  ...  .  20 

Loss 10  ......  10  ...  .  12 

100  100  100 

> 

The  shells,  with  which  several  marine  and  also  some  land  ani» 
mals  are  covered,  have  been  divided  by  Mr.  Hatchett  into  two 
classes.  The  first,  from  their  resemblance  to  porcelain,  he  has 
termed  porcellaneous  shells.  To  this  class  belong  the  several  spe- 
cies of  voluta,  cyjir&a,  Sec.  The  second  class  approach  in  their 
characters  to  mother  of  pearl.  The  shell  of  the  fresh  water  mus- 
cle, and  of  the  oyster,  may  be  arranged  under  this  head  ;  and  pearl 
itself  has  the  same  characters  and  chemical  composition.  Compar- 
ing the  experiments  on  both  classes,  Mr.  Hatchett  concludes  that 
porcellaneous  shells  consist  of  carbonate  of  lime,  cemented  by  a 
very  small  portion  of  animal  matter  ;  and  that  mother  of  pearl  and 
pearl  do  not  differ  from  these,  except  in  containing  a  smaller  pro- 
portion of  carbonate  of  lime.  This,  instead  of  being  merely  ce- 
mented by  animal  matter,  is  intermixed  with  and  serves  to  harden 
a  membranous  or  cartilaginous  substance,  which  is  capable  of  re- 
taining its  form,  after  the  removal  of  the  earthy  ingredient. 

The  covering  of  erustaceous  animals  (as  echini,  star  fish,  lob- 
sters crabs,  &c.)  differs  in  composition  from  marine  shells,  and 
approaches  that  of  the  eggs  of  birds.  The  shells  of  eggs,  Mr. 
Hatchett  found,  are  composed  of  carbonate  of  lime,  with  a  small 
proportion  of    phosphate  of    lime,  cemented   by  animal  matter. 
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Vauquelin  has  lately  added  to  these   ingredients  of  egg  shells,  car- 
bonate of  magnesia,  iron,  and  sulphur.* 

Horn  differs  essentially  from  all  the  substances,  that  have  been 
described  in  this  section.  The  proportion  of  earthy  matter  obtain- 
ed by  its  combustion,  scarcely  amounts  to  T^?j  part.  It  appears  to 
consist  principally  of  gelatine  and  coagulated  albumen. 

Of  Cartilage. 

Chevreul  has  analyzed  the  cartilage  of  the  squalus  /leregrinus. 
He  found  it  to  be  sparingly  soluble  in  water  ;  the  solution  was 
viscid,  foamed  on  agitation  ;  restored  the  colour  of  reddened  lit- 
mus;  and  was  precipitated  by  sulphuric,  nitric,  or  muriatic  acid, 
an  excess  of  which  redissolved  the  precipitate.  Oxymuriatic  acid 
occasioned  a  deposit,  as  did  also  the  pro-nitrate  of  mercury  and 
the  sub-acetate  ot  lead.  Infusion  of  galls  produced  only  a  slight 
cloud. 

When  boiled  with  alcohol,  the  cartilage  shrunk  in  bulk,  and 
became  opake  by  losing  water.  The  first  washings  had  the  colour 
of  ammoniuret  of  copper,  and  deposited  an  animal  matter.  From 
the  residue  of  the  evaporation  of  these  washings,  hydrate  of  lime 
diseneaged  a  large  quantity  of  ammonia. 

Cartilage  dissolved  in  muriatic  acid,  and  the  solution  was  pre- 
cipitated by  infusion  of  galls.  Nitric  acid  dissolved  it,  and  when 
evaporated,  gave  oxalic  acid,  nitrate  of  soda,  a  yellow  matter,  dif- 
ferent from  that  of  Welther,  and  an  odorous  oil. 

By  destructive  distillation,  it  gave  the  ordinary  products  of 
animal  substances. 


SECTION  VII. 

Of  Muscle,  Membrane,  Tendon,  Ligament. 

The  muscular  flesh  of  animal  consists  chiefly  of  the  peculiar 
substance,  which  has  been  already  described  under  the  name  of 
Fibrin.  Though  generally  of  a  reddish  colour ;  yet,  essentially, 
muscular  fibre  is  white,  and  may  be  obtained  in  this  state,  if  all  the 
soluble  parts  be  first  washed  away  by  long  continued  affusions  of 
water,  which  acquires  a  dark  colour.  The  solution,  if  concentrated 
by  boiling,  gelatinates  on  cooling ;  and  hence  gelatine  appears  to 
be  one  of  the  constituents  of  muscle.  Albumen  is  another  ingre- 
dient, and  makes  its  appearance  by  a  deposition  of  coagulated 
flocculi  in  the  heated  watery  solution.  A  portion  of  fat,  also,  fre- 
quently concretes  on  cooling  ;  but  this  is  to  be  considered  rather  as 
an  accidental  admixture.  From  the  gelatine,  when  evaporated  to 
dryness,  alcohol  removes  a  peculiar  kind  of  extract,  soluble  in  water 
and   in  alcohol,  and  first  described   by  Thouvcncl.     The  entire 

»  81  Ann.  de  Chun.  304. 


SECT.    VII.  MEMBRANES.  58I 

muscle,  when  calcined,  leaves  about  5  Jier  cent,  of  its  weight  of 
saline  matter,  composed  chiefly  of  phosphates  ot  soda,  ammonia  and 
lime,  and  carbonate  of  lime. 

Lean  flesh,  Berzelius  finds,  is  composed  of  nearly  three-fourths 
its  weight  of  fluid.  This  fluid  contains  a  free  acid  ;  and  the  extract, 
which  Thouvenel  described,  is  the  same  acid  syrupy  mass,  which 
is  met  with  in  milk  and  urine,  and  which  consists  ol  lactic  acid,  an 
alkaline  lactate,  and  the  animal  matter,  that  always  accompanies 
the  lactates.  The  fluids  of  muscle  abound  much  more  in  this 
syrupy  extract,  and  contain  more  phosphate  of  soda,  than  the 
blood.  The  solid  fibre  is  interwoven  with  the  cellular  texture,  and 
is  furnished  with  minute  veins  and  nerves.  It  agrees,  in  chemical 
properties,  with  the  fibrin  of  the  blood  ;  and  it  is  soluble,  except 
the  cellular  texture  of  veins  and  nerves,  in  acetic  acid.  By  boil- 
ing it  becomes,  like  the  fibrin  of  blood,  insoluble  in  acetic  acid,  and 
imparts  to  the  water,  with  which  it  has  been  boiled,  a  constituent 
part,  which  has  a  strong  and  pleasant  taste  of  flesh,  and  cannot  be 
gelatinized.  When  this  is  dissolved,  and  mixed  with  the  uncoagu- 
lated  part  of  the  humours  of  the  flesh,  it  forms  what  is  called  brot/i, 
the  strength  and  taste  of  which  depend,  not  only  on  the  dissolved 
gelatine  of  the  cellular  texture,  but  also  on  the  fibrin,  the  taste  of 
which  it  retains.  The  taste  does  not  depend  on  the  extractive  mat- 
ter of  Thouvenel ;  for  flesh,  from  which  this  extract  has  been 
separated,  still  gives  a  palatable  though  colourless  soup. 

Considerable  differences  exist  in  the  colour  and  other  properties 
of  the  muscular  flesh  of  different  animals  ;  but  the  cause  of  these 
differences  is  not  well  understood.  It  depends,  most  probably,  on 
the  proportion  which  the  fibrin,  albumen,  and  other  principles 
bear  to  each  other.  Gelatine  appears  to  be  most  abundant  in  the 
flesh  of  young  animals  ;  and  albumen  and  extract  in  that  of  old 
ones. 

The  tendons,  or  sinews  as  they  are  commonly  called,  are  the 
strong  cords  in  which  muscles  terminate,  and  which  connect  therr^ 
with  the  bones.  They  differ  from  muscle  in  the  total  absence  of 
fibrin  ;  and  in  being  completely  soluble  in  water  by  sufficiently  long 
boiling.     The  solution  has  the  properties  of  gelatine. 

The  ligaments  are  excessively  strong  bands,  which  tie  the  bones 
together  at  the  different  joints.  They  are  in  a  great  measure,  but 
not  completely,  soluble  by  boiling  water  ;  and  contain,  therefore, 
beside  gelatine,  some  other  animal  substance,  probably  coagulated 

albumen.  .  .  , 

Membranes  are  thin  semi-transparent  substances  which  some- 
times lorm  bags  for  containing  fluids,  and  someumes  line  the  dif- 
ferent cavities  of  the  body.  They  are  for  the.  most  part,  though  not 
entirely,  soluble  in  water  ;  and  are  composed,  therefore,  chiefly  ot 
gelatine.  Hence  by  the  common  process  of  tanning,  membranes 
are  convertible  into  leather.  There  is  an  essential  difference, how- 
ever, between  cellular  or  serous  membranes,  and  mucous  mem- 
branes The  latter  tarnish  no  gelatine  by  boiling  ;  and  are  sooner 
destroyed  than  any  animal  substance,  the  brain  excepteu  ;  by  mace 
ration 'in  water,  or  by  the  action  of  acids. 
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SECTION  VIII. 

Of  the  soft  Coverings  of  Animals,  viz.  Nails,   Scales,   Skin,  Hair, 
Feathers,  and  Wool. 

The  nails  and  hoofs  of  animals  most  nearly  resemble  horn  in 
chemical  composition.  Their  basis  seems  to  be  a  series  of  mem- 
branes composed  of  coagulated  albumen,  in  which  is  deposited  a 
quantity  of  gelatine.  Long  boiling  does  not  entirely  dissolve 
them.  By  calcination  they  have  only  a  very  small  proportion  of 
earthy  matter. 

The  scales  of  serpents  also  resemble  horn  in  their  chemical  com- 
position and  properties.  The  scales  of  fish,  on  the  contrary,  are 
more  nearly  analogous  to  mother  of  pearl,  and  are  composed  of 
alternate  layers  of  membrane  and  phosphate  of  lime. 

The  skin  consists  of  two  distinct  parts,  a  tough  white  membrane 
on  the  outside  which  is  almost  insensible,  and  an  internal  one,  full 
of  blood  vessels  and  nerves,  and  distinguished  by  great  sensibility. 
Between  these  two,  in  the  human  body,  is  a  soft  mucous  substance 
called  rete  mucosum. 

1.  The  external  layer,  called  the  cuticle  or  e/iidermis,  is  best 
separated  from  the  parts  beneath  by  the  action  of  a  blister.  It  is 
not  soluble  in  water,  nor  in  acids,  unless  they  are  sufficiently  con- 
centrated to  decompose  it.  Hence  it  differs  from  gelatine.  Alkalis 
however  dissolve  it ;  and,  in  this  respect,  it  agrees  with  coagulated 
albumen,  which  it  resembles,  also,  in  receiving  a  yellow  tinge  from 
nitric  acid. 

2.  The  cutis  vera,  which  lies  beneath  the  cuticle,  consists  of  a 
number  of  fibres  crossing  each  other  in  various  directions,  and  has 
considerable  firmness  and  elasticity.  Long  continued  boiling  in 
water  entirely  dissolves  it,  and  a  solution  is  obtained  which  gelati- 
nates  on  cooling,  or  by  farther  evaporation,  may  be  wholly  convert- 
ed into  glue. 

The  true  skin  is  composed,  therefore,  almost  entirely  of  gela- 
tine ;  but  under  some  modification  which  renders  it  insoluble  in 
water.  It  is  this  substance  that  adapts  the  skins  of  animals  for 
two  important  uses,  that  of  being  converted  into  leather  by  the 
reception  of  the  tanning  principle,  and  that  of  furnishing  glue. 

3.  Of  the  rete  mucosum  very  little  is  known.  It  is  that  part  of 
the  skin,  on  which  its  colour  depends  ;  and  by  the  sufficiently  long 
continued  application  of  oxymuriatic  acid,  it  has  been  found  that 
in  the  negro  it  may  be  entirely  deprived  of  its  colour. 

Hair  has  been  examined  with  considerable  attention  by  Vauque- 
lin.  He  effected  a  complete  solution  of  it  in  water  by  using  a 
Papin's  digestor.  The  application  of  the  proper  temperature 
required,  however,  some  caution  ;  for  if  raised  too  high,  the  hair 
was  decomposed  and  gave  carbonate  of  ammonia,  empyreumatic 
oil,  and  sulphuretted  hydrogen.  The  solution  always  contained  a 
sort  of  bituminous  oil,  the  colour  of  which  approached  to  that  of  the 
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hair  which  had  been  dissolved.  After  separating  this  oif,  the  solu- 
tion was  precipitated  by  infusion  of  galls  and  by  oxymuriatic  acid ; 
but  did  not  gelatinate  on  cooling.  Acids  occasioned  a  precipitate, 
which  was  re-dissolved  by  adding  more  acid.  Silver  was  pre- 
cipitated from  its  solutions  of  a  black  colour,  and  lead  of  a  brown. 

A  diluted  solution  of  potash  dissolved  hair,  excepting  a  little  oil. 
sulphur,  and  iron ;  and  the  compound  was  a  sort  of  soap.  The 
oil,  if  red  hair  was  employed,  had  a  yellow  tinge.  Alcohol,  also, 
extracted  from  hair  a  portion  of  oil,  the  colour  of  which  varied 
with  that  ot  the  hair. 

Th£  coal,  obtained  by  incinerating  hair,  afforded  phosphate,  sul- 
phate, and  carbonate  of  lime,  muriate  of  soda,  silex,  magnesia,  and 
oxides  of  iron  and  manganese.  The  whole  of  these  substances 
bore  a  very  small  proportion  to  the  hair,  and  varied  in  hair  of  dif- 
ferent colours.  Hair,  therefore,  appears  to  consist  chietly  of  an 
animal  matter  resembling  coagulated  albumen ;  of  an  oil  of  various 
colours  ;  of  sulphur,  silex,  carbonate  and  phosphate  of  lime  ;  and 
oxides  of  iron,  and  manganese. 

Feathers  probably  agree  in  composition  with  hair.  The  quill, 
Mr.  Hatchett  has  shown,  consists  of  coagulated  albumen  without 
any  gelatine. 

The  composition  of  wool  is  not  accurately  known ;  but  from  its 
forming  a  soap  with  pure  alkalis,  it  probably  consists  of  coagu- 
lated albumen. 

We  are  equally  ignorant  of  the  true  nature  of  silk.  It  is  inso- 
luble both  in  water  and  in  alcohol,  but  dissolves  in  pure  alkalis 
and  acids.  By  the  action  of  nitric  acid  it  affords  the  peculiar 
substance  already  described  under  the  name  of  the  bitter  prin- 
ciple. 


SECTION  IX. 

Of  the  Substance  of  the  Brain, 

The  medullary  matter  of  the  brain  and  nervous  system  appears 
to  differ  from  all  other  organized  substances.  It  was  first  exa- 
mined by  M.  Thouret,  with  a  view  to  explain  why  the  brain  Was 
exempted  from  the  change,  observed  in  the  bodies  which  were  in- 
terred in  the  Cimetiere  des  Innocens.  Fourcroy  afterwards  added 
many  important  facts,  and  corrected  M.  Thouret  in  several  parti- 
culars ;  and  Vauquelin  has  lately  published  an  elaborate  set  of  ex- 
periments on  the  same  subject.* 

The  medullary  substance  of  the  brain  is  of  a  soft  consistence, 
and  forms,  when  agitated  with  water,  a  sort  of  emulsion,  that 
passes  through  the  "finest  sieves.  This  fluid  is  coagulated  by  a 
temperature  of  160°,  and  a  quantity  of  a  substance  resembling  al- 
bumen is  separated.     The  same  coagulation  is  produced  by  acids  ; 

*  Thomson's  Annals,  i.  332. 
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but  the  coagulum  differs,  in  several  respects,  from  that  which 
takes  place  from  the  serum  of  the  blood.  On  being  boiled  with 
alcohol,  it  loses  about  TG7  of  its  weight ;  but  one  third  of  the  por- 
tion, which  has  been  dissolved,  is  again  deposited  on  cooling  in  the 
form  of  shining  crystalline  plates,  resembling  those  which  are  ob- 
tained from  biliary  calculi,  from  spermaceti,  or  from  adipocire ; 
but  differing  from  those  substances  in  requiring  a  higher  tempe- 
rature for  its  fusion.  It  stains  paper  like  a  fixed  oil,  is  soluble  in 
20  limes  its  weight  of  boiling  alcohol  ;  and  is  miscible  with  water 
into  a  sort  of  emulsion,  from  which  it  does  not  separate  on  stand- 
ing, and  which  is  not  acid.  From  the  results  of  its  combustion, 
both  alone  and  with  nitre,  Vauquelin  infers  that  it  contains  iflfcoin- 
bined  phosphorus. 

Alcohol,  by  digesting  with  brain,  acquires  a  greenish  colour, 
which  it  retains  even  after  filtration.  By  evaporation  to  one  eighth 
its  bulk,  it  deposits  a  yellowish  oily  fluid,  and  the  liquor  itself  is 
yellowish.  When  repeated  quantities  of  alcohol  are  digested  on 
the  same  portion  of  brain,  the  alcohol  is  tinged  a  sapphire  blue  co- 
lour. These  colours  remain,  till  the  whole  alcohol  is  expelled  by 
heat,  when  the  residuary  matter  acquires  a  yellow  tinge,  of  greater 
or  less  intensity.  The  tatter  portions  of  alcohol,  do  not,  like  the 
first,  deposit  oil  on  standing- 

The  liquid  oil,  after  being  washed  with  water,  and  evaporated  to 
dryness  at  a  gentle  heat,  has  a  reddish  brown  colour,  and  a  smell 
resembling  that  of  the  brain  itself,  but  stronger.  Its  taste  is  like 
that  of  rancid  fat.  It  forms,  with  water,  an  emulsion,  which  is  co- 
agulated by  the  addition  of  acids,  and  by  infusion  of  tan.  It  is  so- 
luble in  hot  alcohol ;  and  the  greater  part  separates  on  cooling. 
Though  freed  from  all  acid  by  washing,  yet  it  furnishes  phos- 
phoric acid  by  being  burnt  either  alone  or  wi'„h  nitre  ;  and  hence 
we  must  admit  the  presence  of  phosphorus  in  this  fatty  matter,  as 
well  as  in  the  crystalline  substance.  From  the  latter,  indeed,  it 
appears  to  differ  only  in  containing  a  quantity  of  animal  matter, 
which  is  separable  by  cold  alcohol. 

The  alcohol,  from  Which  the  fatty  matter  has  separated,  has  a 
yellow  colour,  a  taste  of  the  juice  of  meat,  and  gives  marks  of  acidi- 
ty. It  contains  super-phosphate  of  potash,  and  a  peculiar  animal 
matter,  which,  by  its  solubility  in  cold  alcohol  and  water  ;  by  its 
property  of  being  precipitated  by  infusion  of  galls;  by  its  reddish 
brown  colour,  its  deliquescence,  its  taste  and  smell  of  the  juice  of 
meat,  may  be  regarded  as  identical  with  the  substance,  which 
Rouelle  formerly  called  saponaceous  extract  of  meat,  and  to  which 
Thenard  has  given  the  name  of  Osmazome.  It  is  this  substance, 
which  tinges  the  fatty  matter,  extracted  from  brain  by  alcohol. 

The  portion  of  brain,  which  remains  after  the  full  action  of  al- 
cohol, is  a  greyish  white  matter  in  the  form  of  flocks,  which  re- 
sembles cheese  externally.  In  drying,  it  assumes  a  grey  colour,  a 
semi-transparency,  and  a  fracture  similar  to  that  of  gum-arabic.  It 
appears,  as  Fourcroy  supposed,  to  be  perfectly  identical  with  albu- 
men ;  and  it  is  this  ingredient,  which  occasions  the  coagulation  of 
brain,  when  mixed  with  water,  by  heat,  acids,  metallic  salts,  Sec. 
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The  alkaline  solution  of  this  part  of  brain  precipitates  acetate  of 
lead  of  a  dark  brown  colour,  showing  obviously  the  presence  of 
sulphur. 

The  medulla  of  the  brain,  when  exposed  to  the  air,  soon  under- 
goes spontaneous  decomposition;  and  evolves  an  acid,  before  it 
passes  to  the  putrid  state  ;  but  under  water  it  may  be  kept  a  long 
time  without  any  change.  Nitric  acid  does  not  produce  the  same 
effects  upon  it,  as  on  other  animal  substances.  No  nitrogen  is  se- 
parated; but,  when  the  temperature  is  raised,  a  large  quantity  of 
carbonate  of  ammonia  is  disengaged,  and  oxalic  acid  is  found  in 
the  retort. 

Diluted  sulphuric  acid  partly  dissolves  brain,  and  coagulates- 
another  part.  The  acid  solution  becomes  black  when  concen- 
trated by  evaporation ;  sulphurous  acid  is  generated ;  and  crystals 
are  formed  which  consist  of  sulphate  of  ammonia.  Besides  this 
salt,  sulphates  of  ammonia  and  lime,  phosphoric  acid,  and  phos- 
phates of  soda  and  ammonia  are  found  in  the  liquid. 

When  brain  is  dried  at  the  temperature  of  boiling  water,  it  co- 
agulates, and  some  water  separates  from  it.  When  distilled  in 
close  vessels,  ammonia  is  disengaged  ;  which,  uniting  with  carbo- 
nic acid  formed  at  the  same  time,  composes  carbonate  of  ammo- 
nia. A  portion  of  oil  is  obtained  also,  and  sulphuretted  and  car- 
buretted  hydrogen  gases  are  formed.  In  the  retort  a  coal  re- 
mains, which  affords  traces  of  phosphates  of  lime  and  soda. 

The  mass  of  brain,  as  appears  from  the  experiments  of  Vau- 
quelin,  is  composed,  therefore,  of  1st,  two  fatty  matters,  which 
are  probably  identical ;  2dly,  albumen  ;  3dly,  osmazome  ;  4thly, 
different  salts  ;  and,  among  others,  phosphates  of  potash,  lime,  and 
magnesia,  and  a  little  common  salt ;  5thly,  phosphorus ;  6thly,  sul- 
phur. The  following  is  to  be  considered  merely  as  an  approxima- 
tion to  their  proportions. 


1. 

2. 

White  fatty  matter   .     .       4.53 

3. 

Red  fatty  matter        .     .       0.70 

4. 

Albumen 7.00 

5. 

Osmazome       ....       1.12 

6. 

Phosphorus      ....       1.50 

7. 

Acids,  salts,  and  sulphur    5.15 

100. 


4  F. 
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PART  II. 

DIRECTIONS  FOR  EXAMINING  MINERAL  WATERS,  AND  MINERAL 
BODIES  IN  GENERAL. 


CHAPTER  I. 


ANALYSIS  OF  MINERAL  WATERS. 

THE  complete  and  accurate  analysis  of  mineral  waters,  and  of 
mineral  bodies  in  general,  is  one  of  the  most  difficult  subjects  of 
chemical  manipulation,  and  requires  a  very  extensive  acquaintance 
with  the  properties  and  habitudes  of  a  numerous  class  of  sub- 
stances. Long  and  attentive  study  of  the  science  is  therefore  es- 
sential to  qualify  any  one  for  undertaking  exact  and  minute  deter- 
minations of  the  proportion  of  the  component  parts  of  bodies.  Such 
minuteness,  however,  is  scarcely  ever  required  in  the  experiments 
that  are  subservient  to  the  ordinary  purposes  of  life;  a  general 
knowledge  of  the  composition  of  bodies  being  sufficient  to  assist  in 
directing  the  most  useful  applications  of  them.  I  shall  not  attempt, 
therefore,  to  lay  down  rules  for  accurate  analysis,  but  shall  only  de- 
scribe such  experiments  as  are  suited  to  afford  an  insight  into  the 
kind,  but  not  to  decide  the  exact  proportion,  of  the  constituent  prin- 
ciples of  natural  waters,  and  of  mineral  substances  in  general. 

Before  proceeding,  however,  to  the  analysis  of  a  water,  it  is  pro- 
per to  inquire  into  its  natural  history,  and  to  examine  attentively  its. 
physical  characters.  The  nature  of  the  strata  in  the  neighbour- 
hood of  the  spring,  will  often  furnish  useful  suggestions  respecting 
the  contents  of  the  water  ;  the  period  of  the  year  should  be  stated 
at  which  the  analysis  was  performed  ;  and  whether  after  a  rainy  or 
dry  season.    The  temperature  of  the  water  must  be  carefully  ob- 
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served,  as  it  issues  from  the  spring;  and  the  quantity  inquired  into, 
which  it  yields  in  a  given  time.  The  sensible  qualities  of  taste, 
smell,  degree  of  transparency,  Sec.  are  also  best  ascertained  at  the 
fountain-head.  The  specific  gravity  of  the  water  may  be  found  by 
weighing  a  bottle,  which  is  capable  of  containing  a  known  weight 
of  distilled  water,  at  a  certain  temperature,  filled  with  the  water, 
under  examination,  at  the  same  temperature.  It  is  proper,  also,  to 
examine,  on  the  spot,  the  channel  through  which  the  water  has 
flowed;  to  collect  any  deposit  that  may  have  been  formed;  and  to 
investigate  its  nature. 

The  effects  of  heat  on  the  water  may  be  next  tried.  Many  wa 
ters  lose  their  transparency  when  their  temperature  is  raised,  and 
let  fall  a  considerable  deposit.  The  quality  of  this  may,  in  some 
degree,  be  conjectured  from  its  appearance.  If  its  colour  be  brown- 
ish yellow,  it  consists,  either  wholly  or  chiefly,  of  oxide  of  iron ;  if 
white,  or  nearly  white,  it  is  composed  principally  of  the  earthy  car- 
bonates. A  mineral  water,  containing  iron,  deposits  that  metal 
also,  when  exposed  to  the  atmosphere  ;  and  a  thin  pellicle  forms  on 
its  surface,  whether  stagnant  in  a  natural  reservoir,  or  collected  in 
a  separate  vessel.  By  this  exposure,  iron  may  be  sometimes  dis- 
covered in  a  water,  though  not  easily  detected  at  first  ;  because  it 
becomes  farther  oxydized,  and  more  sensible  to  the  action  of  tests. 
Sulphuretted  hydrogenous  waters  deposit  a  sediment,  even  when 
preserved  in  a  well-closed  phial;  the  hydrogen  quitting  the  sul- 
phur, which  settles  in  the  form  of  a  white  powder. 


SECTION  I. 

Examhiation  of  Mineral  Waters  by  Re-agc?its. 

Water  is  never  presented  by  nature  in  a  state  of  complete  pu- 
rity. Even  when  collected  as  it  descends  in  the  form  of  rain,  che- 
mical tests  detect  in  it  a  minute  proportion  of  foreign  ingredients. 
And  when  it  has  been  absorbed  by  the  earth,  has  traversed  its  dif- 
ferent strata,  and  is  returned  to  us  by  springs,  it  is  found  to  have 
acquired  various  impregnations.  The  readiest  method  of  judging 
of  the  contents  of  natural  waters,  is  by  applying  what  are  termed 
tests,  or  re -agents  ;  i.  e.  substances  which,  on  being  added  to  a  wa- 
ter, exhibit,  by  the  phenomena  they  produce,  the  nature  of  the  sa- 
line, or  other  ingredients. — For  example,  if,  on  adding  infusion  of 
litmus  to  any  water,  its  colour  is  changed  to  red,  we  infer,  that  the 
water  contains  an  uncombined  acid  :  if  this  change  ensues,  even  af- 
ter the  water  has  been  boiled,  we  judge  that  the  acid  is  a  fixed,  and 
not  a  volatile  one  :  and  if,  on  adding  the  muriated  barytes,  a  preci- 
cipitate  falls  down,  we  safely  conclude  that  the  peculiar  acid,  pre- 
sent in  the  water,  is  either  entirely  or  in  part,  the  sulphuric  acid. 
I  shall  first  enumerate  the  tests  generally  employed  in  examining 
waters,  and  describe  their  application  ;  and,  afterwards,  point  out  by 
what  particular  tests  the  substances,  generally  found  in  waters,  may 
.be  detected. 
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In  many  instances,  however,  a  mineral  water  may  contain  a  sa- 
line, or  other  ingredient,  but  in  such  small  quantity  as  to  escape 
discovery  by  tests.  It  is  therefore  advisable  to  apply  the  tests  of 
fixed  substances  to  the  water,  alter  reducing  its  bulk  one  half,  or 
more,  by  evaporation,  as  well  as  in  its  natural  state. 

The  use  of  tests,  or  re-agents,  has  been  employed  by  Mr.  Kirwan 
to  ascertain  by  a  careful  examination  of  the  precipitate  not  only  the 
kind,  but  the  quantity,  of  the  ingredients  of  mineral  waters.  This 
will  be  best  understood  from  an  example.  It  is  an  established  fact, 
that  100  parts  of  crystallized  muriate  of  soda,  when  completely  de- 
composed by  nitrate  of  silver,  yield,  as  nearly  as  possible,  240  of 
precipitated  muriate  of  silver.  From  the  weight  of  the  precipitate, 
separated  by  nitrate  of  silver  from  a  given  quantity  of  any  water,  it 
is  therefore  easy,  when  no  other  muriatic  salt  is  present,  to  infer, 
what  quantity  of  muriate  of  soda  was  contained  in  the  water  ;  since 
every  hundred  grains  of  muriated  silver  indicate,  pretty  accurately, 
41  £  of  crystallized  common  salt.  The  same  mode  of  estimation 
may  be  applied  in  various  other  instances  ;  and  the  rule  for  each  in- 
dividual case  will  be  stated  in  the  following  description  of  the  use 
of  the  various  re-agents. 

When  filters  of  paper  are  used  for  collecting  precipitates,  great 
caution  is  necessary  that  their  weight  should  be  the  same,  before 
and  after  the  experiment.  Even  during  the  time  of  weighing,  they 
acquire  moisture  from  the  atmosphere ;  and  it  is  therefore  neces- 
sary, before  taking  their  weight  correctly,  to  obtain  an  approxima- 
tion to  it;  after  which,  less  time  is  occupied  in  determining  it  with- 
in the  fraction  of  a  grain.  The  unsized  paper,  which  accompanies 
Mr.  Watt's  copying  machines,  answers  the  purpose  extremely  well. 
It  js  this  which  was  always  employed  by  Berzelius,  whenever  he 
used  filters  at  all ;  but  their  use,  when  the  nature  of  the  precipitate 
admits,  he  thinks  should  be  avoided.* 

I. — Infusion  of  Litmus,  Syru/i  of  Violets, &c. 

The  infusion  of  litmus  is  prepared  by  steeping  this  substance, 
first  bruised  in  a  mortar,  and  tied  up  in  a  linen  rag,  in  distilled  wa- 
ter, which  extracts  its  blue  colour. 

If  the  colour  of  the  infusion  tends  too  much  to  purple,  it  may  be 
amended  by  a  drop  or  two  of  solution  of  pure  ammonia ;  but  of  this 
no  more  must  be  added  than  is  barely  sufficient,  lest  the  delicacy 
of  the  test  should  be  impaired. 

The  syrup  of  violets  is  not  easily  obtained  pure.  The  genuine 
syrup  may  be  distinguished  from  the  spurious  by  a  solution  of  cor- 
rosive sublimate,  which  changes  the  former  to  green,  while  it  red- 
dens the  latter.  When  it  can  be  procured  genuine,  it  is  an  excel- 
lent test  of  acids,  and  may  be  employed  in  the  same  manner  as  the 
infusion  of  litmus. t 

*  78  Ann.  deChim.  31. 

■\  The  infusion  of  the  common  purple  convolvulus,  when  in  season,  is  a  very 
delicate  test  both  of  acids  and  alkalis,  so  likewise  is  that  of  the  purple  or  blue 
larkspur  ;  but  as  most  readily  procured,  none  is  superior  to  the  common  blue 
cabbage.    C. 
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Paper  stained  with  the  juice  of  the  March  violet,  or  with  that  of 
the  scrapings  of  radishes,  answers  a  similar  purpose.  In  stain- 
ing paper  for  the  purpose  of  a  test,  the  paper  must  be  used  unsiz- 
ed ;  or,  if  sized,  it  must  previously  be  well  washed  with  warm  wa- 
ter ;  because  the  alum,  which  enters  into  the  composition  of  the 
size,  will  otherwise  change  the  vegetable  colour  to  red. 

In  the  Philosophical  Magazine,  vol.  i.  page  180,  may  be  found 
some  recipes  for  other  test  liquors,  invented  by  Mr.  Watt. 

Infusion  of  litmus  is  a  test  of  most  uncombined  acids. 

1.  If  the  infusion  redden  the  unboiled,  but  not  the  boiled  water, 
under  examination  ;  or  if  the  red  colour,  occasioned  by  adding  the 
infusion  to  a  recent  water,  return  to  blue,  on  boiling  ;  we  may  infer, 
that  the  acid  is  a  volatile  one,  and  most  probably  the  carbonic  acid. 
Sulphuretted  hydrogen  gas,  dissolved  in  water,  also  reddens  litmus, 
but  not  after  boiling. 

2.  To  ascertain  whether  the  change  be  produced  by  carbonic 
acid  or  by  sulphuretted  hydrogen,  when  experiment  shows  that  the 
reddening  cause  is  volatile,  add  a  little  lfme-vvater,  or,  in  prefer- 
ence, barytic  water.  This,  if  carbonic  acid  be  present,  will  occa- 
sion a  precipitate,  which  will  dissolve,  with  effervescence,  on  add- 
ing a  little  muriatic  acid.  Sulphuretted  hydrogen  may  also  be  con- 
tained along  with  carbonic  acid,  in  the  same  water;  which  will  be 
determined  by  the  tests  hereafter  to  be  described. 

3.  Paper  tinged  with  litmus  is  also  reddened  by  the  presence  of 
carbonic  acid,  but  regains  its  blue  colour  on  drying.  The  mineral 
and  fixed  acids  redden  it  permanently.  That  these  acids,  however, 
may  produce  their  effect,  it  is  necessary  that  they  should  be  present 
in  a  sufficient  proportion.*  The  dark  blue  paper,  which  is  general- 
ly wrapped  round  loaves  of  refined  sugar,  is  not  discoloured  by 
carbonic  acid  or  sulphuretted  hydrogen,  but  only  by  the  stronger 
acids. 

II. —  Infusion  of  lAtmus  reddened  by  Vinegar, — Spirituous  Tincture 
of  Brazil  wood, —  Tincture  of  Turmeric,,  and  Pafier  stained  with 
each  of  these  three  Substances., — Syrufi  of  Violets. 

All  these  different  tests  have  one  and  the  same  object. 

1.  Infusion  of  litmus  reddened  by  vinegar,  or  litmus  paper  red- 
dened  by  vinegar,  has  its  blue  colour  restored  by  pure  alkalis  and 
pure  earths,  and  by  carbonated  alkalis  and  earths. 

2.  Turmeric  paper  and  tincture  are  change  to  a  reddish  brown 
by  alkalis,  whether  pure  or  carbonated,  and  by  pure  earths,  but 
not  by  carbonated  earths.  Dr.  Bostock  finds  that  it  is  obviously 
affected  by  a  solution,  containing  only  2050  of  its  weight  of  potash. 

3.  The  red  infusion  of  Brazil-wood,  and  paper  stained  with  it, 
become  blue  by  alkalis  and  earths,  and  even  by  the  latter  when  dis- 
solved by  an  excess  of  carbonic  acid.  In  the  last  mentioned  case, 
however,  the  change  will  either  cease  to  appear,  or  will  be  much 
less  remarkable,  when  the  water  has  been  boiled. 

«   See  Rirwan  on  Mineral  Waters,  page  40. 
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4.  Syrup  of  violets,  when  pure,  is,  by  the  same  causes,  turned 
green  j*  as  is  also  paper  stained  with  the  juice  of  the  violet,  or 
with  the  scrapings  of  radishes. 

Ill— Tincture  of  Galls. 

Tincture  of  galls  is  the  test  generally  employed  for  discovering 
iron  ;  with  all  the  combinations  of  which  it  produces  a  black  tinge, 
more  or  less  intense  according  to  the  quantity  of  iron.  The  iron, 
however,  in  order  to  be  detected  by  this  test,  must  be  in  the  state 
of  red  oxide,  or,  if  oxydized  in  a  less  degree,  its  effect  will  not  be 
apparent,  unless  after  standing  some  time  in  contact  with  the  air. 
By  applying  this  test  before  and  after  evaporation,  or  boiling,  we 
may  know  whether  the  iron  be  held  in  solution  by  carbonic  acid,  or 
by  a  fixed  acid  ;  for, 

1.  If  it  produce  its  effect  before  the  application  of  heat,  and  not 
afterwards,  carbonic  aci4  is  the  solvent. 

2.  If  after,  as  well  as  before,  a  mineral  acid  is  the  solvent. 

3.  If,  by  the  boiling,  a  yellowish  powder  be  precipitated,  and  yet 
galls  still  continue  to  strike  the  water  black,  the  iron,  as  often  hap- 
pens, is  dissolved  both  by  carbonic  acid  and  by  a  fixed  acid.  A  neat 
mode  of  applying  the  gall-test  was  used  by  M.  Klaproth,  in  his 
analysis  of  the  Carlsbad I  water  ;  a  slice  of  the  gall-nut  was  suspend- 
ed by  a  silken  thread  in  a  large  bottle  of  the  recent  water,  and  so 
small  was  the  quantity  of  iron,  that  it  could  only  be  discovered  in 
water  fresh  from  the  spring,  by  a  slowly-formed  and  dark  cloud,, 
surrounding  the  re-agent.f 

IV. — Sulfihuric  Acid. 

1.  Sulphuric  acid  discovers,  by  a  slight  effervescence,  the  pre- 
sence of  carbonic  acid,  whether  uncombincdor  united  with  alkalis 
or  earths. 

2.  If  lime  be  present,  whether  pure  or  uncombined,  the  addition 
of  sulphuric  acid  occasions,  after  a  few  days,  a  white  precipitate. 
If  from  a  mineral  water,  which  has  been  well  boiled,  the  addition 
of  sulphuric  acid  extricates  sulphuretted  hydrogen  gas,  Mr.  Wcst- 
rumb  infers  the  presence  of  hydro-sulphuretof  lime.  In  this  case, 
sulphate  of  lime  is  precipitated. j; 

3.  Barytes  is  precipitated  instantly,  in  the  foiTn  of  a  white  pow- 
der. 

4.  Nitric  and  muriatic  salts,  in  a  dry  state,  or  dissolved  in  very 
little  water,  on  adding  sulphuric  acid,  and  applying  heat,  are  decom- 

*  According  to  Mr.  Accum,  syrup  of  violets,  which  has  lost  its  colour  by 
keeping,  may  be  restored  by  agitation,  during  a  few  minutes,  in  contact  with 
oxygen  gas.  Tn  preference  to  the  syrup,  Mr.  Descroizilles  recommends  as  a 
test  the  pickle  of  violets,  prepared  by  adding  common  salt  to  the  expressed  juice 
(Annales  de  Chimie,  lxvii.  80  ;  or  Nicholson's  Journal,  xxv.  232.) 

*  Klaproth,  vol.  i.  page  279.  t  Nicholson's  Journal,  xviii.  40. 
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posed  ;  and  if  a  stopper,  moistened  with  solution  of  pure  ammonia, 
be  held  over  the  vessel,  white  clouds  will  appear.  For  distinguish- 
ing whether  nitric  or  muriatic  acid  be  the  cause  of  this  appearance, 
rules  will  he  given  hereafter. 

V. — Nitric  and  Nitrous  Acids. 

These  acids,  if  they  occasion  effervescence,  give  tne  same  indi- 
cations as  the  sulphuric.  The  fuming  red  nitrous  acid  has  been 
recommended  as  a  test  distinguishing  between  hepatic  waters  that 
contain  hydro-sulphuret  of  potash,  and  those  that  contain  only  sul- 
phuretted hydrogen  gas.  In  the  former  case,  a  precipitate  ensues 
on  adding  nitrous  acid,  and  a  very  fetid  smell  arises ;  in  the  latter, 
a  slight  cloudiness  only  appears,  and  the  smell  of  the  water  becomes 
less  disagreeable.  If  a  water,  after  boiling,  gives  a  precipitate  of 
sulphur,  on  adding  nitrous  acid,  Westrumb  concludes  that  this  is 
owing  to  hydro-sulphuret  of  lime. 

VI. — Oxalic  Acid  and  Oxalates. 

The  oxalic  acid  is  a  most  delicate  test  of  lime,  which  it  separates 
from  all  its  combinations. 

1.  If  a  water,  which  is  precipitated  by  oxalic  acid,  become  milky 
on  adding  a  watery  solution  of  carbonic  acid,  or  by  blowing  air 
through  it  from  the  lungs,  by  means  of  a  quill  or  glass  tube,  we 
may  infer,  that  pure  lime  (or  barytes,  which  has  never  yet  been  found 
pure  in  water)  is  present. 

2.  If  the  oxalic  acid  occasion  a  precipitate  before,  but  not  after 
boiling,  the  lime  is  dissolved  by  an  excess  of  carbonic  acid. 

3.  If  after  boiling,  by  a  fixed  acid.  A  considerable  excess  of 
any  of  the  mineral  acids,  however,  prevents  the  oxalic  acid  from 
occasioning  a  precipitate,  even  though  lime  be  present ;  because 
some  acids  decompose  the  oxalic,  and  others,  dissolving  the  oxalate 
of  lime,  prevent  it  from  appearing.* 

The  oxalate  of  ammonia,  or  of  potash  (which  may  easily  be 
formed  by  saturating  the  respective  carbonates  of  these  alkalis 
with  a  solution  of  oxalic  acid),  are  not  liable  to  the  above  objec- 
tion, and  are  preferable,  as  re-agents,  to  the  uncombined  acid.  Yet 
even  these  oxalates  fail  to  detect  lime  when  supersaturated  with 
muriatic  or  nitric  acid  ;  and,  if  such  an  excess  be  present,  it  must 
be  saturated,  before  adding  the  test,  with  pure  ammonia.  A  pre- 
cipitation will  then  be  produced. 

The  cpuantity  of  lime  contained  in  the  precipitate  may  be  known, 
by  first  calcining  it  with  access  of  air,  which  converts  the  oxalate 
into  a  carbonate ;  and  by  expelling  from  this  last  its  carbonic  acid, 
by  calcination,  with  a  strong  heat,  in  a  covered  crucible.  Accord- 
ing to  Dr.  Marcet,  11?  grains  of  sulphate  of  lime  give  100  of  oxa- 
hte  of  lime,  dried  at  160°  Fahrenheit.     The  use  of  oxalate  of  am- 

See  Kirwan  on  Waters,  page  88 
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monia,  that  excellent  analyst  finds,  is  in  some  degree  limited  by 
its  property  of  precipitating  the  salts  of  iron. 

The  filiate  of  ammonia,  recommended  by  Scheele,  I  find  to  be  a 
most  delicate  test  of  lime.  It  may  be  prepared  by  adding  carbo- 
nate of  ammonia  to  diluted  fluoric  acid,  in  a  leaden  vessel,  observ- 
ing that  there  be  a  small  excess  of  acid. 

VII. — Pure  Alkalis  and  Carbonated  Alkalis. 

1.  The  pure  fixed  alkalis  precipitate  all  earths  and  metals,  whe- 
ther dissolved  by  volatile  or  fixed  menstrua,  but  only  in  certain 
states  of  dilution  ;  for  example,  sulphate  of  alumine  may  be  present 
in  water,  in  the  proportion  of  four  grains  to  500,  without  being  dis- 
covered by  pure  fixed  alkalis.  As  the  alkalis  precipitate  so  many 
substances,  it  is  evident  that  they  cannot  afford  any  very  precise  in- 
formation, when  employed  as  re-agents.  From  the  colour  of  the 
precipitate,  as  it  approaches  to  a  pure  white,  or  recedes  from  it, an 
experienced  eye  will  judge,  that  the  precipitated  earth  contains 
less  or  more  of  metallic  admixture  ;  and  its  precise  composition 
must  be  ascertained  by  rules  which  will  presently  be  given. 

2.  Pure  fixed  alkalis  also  decompose  all  salts  with  basis  of  am- 
monia, which  becomes  evident  by  its  smell  (unless  the  salts  are 
dissolved  in  much  water),  and  also  by  the  white  fumes  it  exhibits 
when  a  stopper,  moistened  with  muriatic  acid,  is  brought  near. 

3.  Carbonates  of  potash  and  of  soda  have  similar  effects. 

4.  Pure  ammonia  precipitates  all  earthy  and  metallic  salts.  Be- 
sides this  property,  it  also  imparts  a  deep  blue  colour  to  any  liquid 
that  contains  copper  or  nickel  in  a  state  of  solution  ;  the  precipitat- 
ed oxides  of  those  metals  being  re-dissolved  by  an  excess  of  the 
volatile  alkali. 

5.  Carbonate  of  ammonia  has  the  same  properties,  except  that  it 
does  not  precipitate  magnesia  from  its  combinations.  Hence,  to 
ascertain  whether  this  earth  be  present  in  any  solution,  add  the 
carbonate  of  ammonia  till  no-farther  precipitation  ensues  ;  filter  the 
liquor;  raise  it  nearly  to  212°  Fahrenheit;  and  then  add  pure  am- 
monia. If  any  precipitation  now  occurs,  we  may  infer  the  pre- 
sence of  magnesia.  It  must  be  acknowledged  that  zircon,  yttria, 
and  glucine,  would  escape  discovery  by  this  process ;  but  they 
have  never  yet  been  found  in  mineral  waters  ;  and  their  presence 
can  scarcely  be  expected. 

VIII. — Lime-  Water. 

1.  Lime-water  is  applied  to  the  purposes  of  a  test,  chiefly  for 
detecting  carbonic  acid.  Let  any  liquor  supposed  to  contain  this 
acid  be  mixed  with  an  equal  bulk  of  lime-water.  If  carbonic  acid 
be  present,  either  free  or  combined,  a  precipitate  will  immediately 
appear,  which,  on  adding  a  few  drops  of  muriatic  acid,  will  again 
be  dissolved  with  effervescence. 

2.  Lime-water  will  also  show  the  presence  of  corrosive  sublimate 
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by  a  brick-dust  coloured  sediment.  If  arsenous  acid  (common 
arsenic)  be  contained  in  a  liquid,  lime-water,  when  added,  will  oc- 
casion a  precipitate,  consisting  of  lime  and  arsenous  acid,  which  is 
very  difficultly  soluble  in  water.  This  precipitate,  when  mixed  up 
with  oil,  and  laid  on  hot  coals,  yields  the  well  known  garlic  smell 
of  arsenic. 

IX. — Pure  Barytes,  and  its  Solution  in  Water. 

1.  A  solution  of  pure  barytes  is  even  more  effectual  than  lime- 
water  in  detecting  the  presence  of  carbonic  acid,  and  is  much 
more  portable  and  convenient ;  since,  from  the  crystals  of  this  earth, 
the  barytic  solution  may  at  any  time  be  immediately  prepared.  In 
discovering  carbonic  acid,  the  solution  of  barytes  is  used  simi- 
larly to  lime-water,  and,  if  this  acid  be  present,  gives,  in  like 
manner,  a  precipitate  soluble  with  effervescence  in  dilute  muriatic 
acid. 

2.  The  barytic  solution  is  also  a  most  sensible  test  of  sulphuric 
acid  and  its  combinations,  which  it  indicates  by  a  precipitate  not 
soluble  in  muriatic  acid. — Pure  strontites  has  similar  effects  as  a 
test.  The  quantity  of  the  precipitated  substance,  indicated  by  the 
weight  of  the  precipitate,  will  be  stated  in  No.  XV. 

X. — Metals. 

1.  Of  the  metals,  silver  and  mercury  are  tests  of  the  presence  of 
hydro-sulphurets,  and  of  sulphuretted  hydrogen  gas.  If  a  little 
quicksilver  be  put  into  a  bottle  containing  water  impregnated  with 
either  of  these  substances,  its  surface  soon  acquires  a  black  film, 
and,  on  shaking  the  bottle,  a  blackish  powder  separates  from  it. 
Silver  is  speedily  tarnished  by  the  same  cause. 

2.  The  metals'  may  be  used  also  as  tests  of  each  other,  on  the 
principle  of  elective  affinity.  Thus,  for  example,  a  polished  iron 
plate,  immersed  in  a  solution  of  sulphate  of  copper,  soon  acquires 
a  coat  of  this  metal ;  and  the  same  in  other  similar  examples. 

XI. — Sulphate  of  Iron. 

This  is  the  only  one  of  the  sulphates,  except  that  of  silver,  ap- 
plicable to  the  purposes  of  a  test.  When  used  with  this  view,  it 
is  generally  employed  for  ascertaining  the  presence  of  oxygen  gas, 
of  which  a  natural  water  may  contain  a  small  quantity. 

A  water,  suspected  to  contain  this  gas,  may  be  mixed  with  a  lit- 
tle recently-dissolved  sulphate  of  iron,  and  kept  corked  up,  m  a 
phial  completely  filled  by  the  mixture.  If  an  oxide  of  iron  be  pre- 
cipitated in  the  course  of  a  few  days,  the  water  may  be  inferred  to 

contain  oxygen  gas. 

4  F 
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XII. — Sulphate,  Nitrate ,  and  Acetate  of  Silver.   ' 

These  solutions  are  all  in  some   measure  applicable  to  similar 
purposes. 

1.  They  are  peculiarly  adapted  to  the  discovery  of  muriatic  acid 
and  of  muriates.  For  the  silver,  quilting  its  solvent,  combines 
with  the  muriatic  acid,  and  forms  a  flaky  precipitate,  which,  at 
first,  is  white,  but  on  exposure  to  the  sun's  light,  acquires  a  blu- 
ish, and  finally  a  black  colour.  This  precipitate,  dried  and  fused 
by  a  gentle  heat,  Dr.  Black  states  to  contain,  in  1000  pans,  as 
much  muriatic  acid  as  would  form  425  4  of  crystallized  muriate  of 
soda,  which  estimate  scarcely  differs  at  all  from  that  ot  Klaprolh. 
The  same  quantity  of  muriate  of  silver  (1000  parts)  indicates,  ac- 
cording to  Kirwan,  454£  of  muriate  of  potash.  Dr.  Marcet's  expe- 
riments and  my  own  indicate  a  larger  product  of  muriate  of  silver 
from  the  decomposition  of  dry  muriate  of  soda,  viz.  not  less  than 
240  grains  from  100  of  common  salt.  Hence  100  grains  of  fused 
muriate  of  silver  denote  41.6  of  muriate  of  soda,  and  about  19  grains 
of  muriatic  acid.  A  precipitation,  however,  may  arise  from  other 
causes,  which  it  may  be  proper  to  state. 

2.  The  solutions  of  silver  in  acids  are  precipitated  by  carbonated 
alkalis  and  earths.  The  agency  of  the  alkalis  and  earths  may,  how- 
ever, be  prevented,  by  previously  saturating  them  with  a  few  drops 
of  the  same  acid  in  which  the  silver  is  dissolved. 

3.  The  nitrate  and  acetate  of  silver  are  decomposed  by  the  sul- 
phuric and  sulphurous  acids  ;  but  this  may  be  prevented  by  adding, 
previously,  a  few  drops  of  nitrate  or  acetite  of  barytes,  and,  after 
allowing  the  precipitate  to  subside,  the  clear  liquor  may  be  de- 
canted, and  the  solution  of  silver  added.  Should  a  precipitation 
now  take  place,  the  presence  of  muriatic  acid,  or  some  one  of  its 
combinations,  may  be  suspected.  To  remove  uncertainty,  whether 
a  precipitation  be  owing  to  sulphuric  or  muriatic  acid,  a  solution 
of  sulphate  of  silver  may  be  employed,  which,  when  no  uncombin- 
ed  alkali  or  earth  is  present,  is  affected  only  by  the  latter  acid. 
According  to  Professor  Pfaff,  one  part  of  muriatic  acid  of  the"  spe- 
cific gravity  1.15,  diluted  with  70,000  parts  of  water,  barely  ex- 
hibits a  slight  opaline  tinge,  when  tested  with  nitrate  of  silver  : 
and,  when  diluted  with  80,000  parts  of  water,  it  is  not  affected  at 
all.*  Mr.  Meyer  of  Stettin  assigns,  however,  a  much  more  ex- 
tensive power  to  nitrate  of  silver,  as  a  test  of  muriatic  acid.f 

4.  The  solutions  of  silver  are  also  precipitated  by  sulphuretted 
hydrogen,  and  by  hydro-sulphurets ;  but  the  precipitate  is  then 
reddish,  or  brown,  or  black  ;  or  it  may  be,  at  first,  white,  and  after- 
wards become  speedily  brown  or  black.  It  is  soluble,  in  great  part, 
in  dilute  nitrous  acid,  which  is  not  the  case  if  occasioned  by  muriatic 
or  sulphuric  acid. 

5.  The  solutions  of  silver  are  precipitated  by  extractive  matter; 
but,  in  this  case,  also,  the  precipitate  has  a  dark  colour,  and  is 
soluble  in  nitrous  acid. 

*  Nicholson's  Journal,  xvii.  361.  f  Thomson's  Annals,  v.  23. 


SECT.  I.  ANALYSIS    OF    WATERS.  595 

XIII. — Nitrate  and  Acetate  of  Lead. 

1.  Acetate  of  lead,  the  most  eligible  of  these  two  tests,  is  pre- 
cipitated by  sulphuric  and  muriatic  acids;  but, as  of  both  these  we 
have  much  better  indicators,  I  do  not  enlarge  on  its  application  to 
this  purpose. 

2.  The  acetate  is  also  a  test  of  sulphuretted  hydrogen  and  of 
hydro-sulphurets  of  alkalis,  which  occasion  a  black  precipitate  ; 
and,  if  a  paper,  on  which  characters  are  traced  with  a  solution  of 
acetate  of  lead,  be  held  over  a  portion  of  water  containing  sul- 
phuretted hydrogen  gas,  they  are  soon  rendered  visible  ;  especially 
when  the  water  is  a  little  warmed. 

3.  The  acetate  of  lead  is  employed  in  the  discovery  of  uncom- 
bined  boracic  acid,  a  very  rare  ingredient  of  waters.  To  ascertain 
whether  this  be  present,  some  cautions  are  necessary,  (a)  The 
uncombined  alkalis  and  earths  (if  any  be  suspected)  must  be 
saturated  with  acetic  or  acetous  acid,  (b)  The  sulphates  must  be 
decomposed  by  acetate  or  nitrate  of  barytes,  and  the  muriates  by 
acetate  or  nitrate  of  silver.  The  filtered  liquor,  if  boracic  acid  be 
contained  in  it,  will  continue  to  give  a  precipitate,  which  is  soluble 
in  nitric  acid  of  the  specific  gravity  1.3. 

4.  Acetate  of  lead  is  said,  also,  by  Pfaff,  to  be  a  very  delicate  test 
of  carbonic  acid  ;  and  that  it  renders  milky,  water  which  contains 
the  smallest  possible  quantity  of  this  acid. 

XIV. — Yilrate  of  Mercury  fin  pared  with  and  without  Heat. 

This  solution,  differently  prepared,  is  sometimes  employed  as 
a  test. 

1.  The  solution  of  nitrate  of  mercury,  prepared  without  heat,* 
has  been  found  by  Pfaff  to  be  a  much  mote  sensible  test  of  muriatic 
acid  than  nitrate  of  silver.  Its  sensibility,  indeed,  is  so  great,  that 
one  part  of  muriatic  acid,  of  the  specific  gravity  1.50  diluted  with 
300,000  parts  of  water,  is  indicated  by  a  slightly  dull  tint  ensuing 
on  the  addition  of  the  test. 

2.  It  is,  at  the  same  time,  the  most  sensible  test  of  ammonia,  one 
part  of  which,  with  30,000  parts  of  water,  is  indicated  by  a  slight 
blackish  yellow  tint,  on  adding  the  nitrate  of  mercury. 

3.  The  nitrate  of  mercury  is  also  precipitated  by  highly  diluted 
phosphoric  acid ;  but  the  precipitate  is  soluble  in  an  excess  of 
phosphoric  or  nitric  acid,  which  is  not  the  case  if  it  has  been  oc- 
casioned by  muriatic  acid. 

XV. — Muriate,  Mtrate,  and  Acetate  oj  Barytes. 

1.  These  solutions  are  all  most  delicate  tests  of  sulphuric  acid 
and  of  its  combinations,  with  which  they  give  a  white  precipitate, 
insoluble  in  dilute  muriatic  acid.  They  are  decomposed,  however, 
by  carbonates  of  alkali ;  but  the  precipitate  occasioned  by  carbonates 

s   Sec  chap.  xix.  sect.  4,  v-l. 
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is  soluble  in  dilute  muriatic  or  nitric  acid,  with  effervescence,  and 
may  even  be  prevented  by  adding,  previously,  a  lew  drops  of  the 
same  acid  as  that  contained  in  the  barytic  salt,  which  is  employed. 

One  hundred  grains  of  dry  sulphate  of  barytes  contain  (accord- 
ing 10  Klaproth,  vol.  i.  page  168)  about  45*  of  sulphuric  acid  of  the 
specific  gravity  1850;  according  to  Clayfield  (Nicholson's  Journal, 
4to.  iii.  38),  33  of  acid,  of  the  specific  gravity  2240 ;  according  to 
Thenard,  after  calcination,  about  25  ;  and,  according  to  Mr.  Kirwan, 
after  ignition,  23.5  of  real  acid.  The  same  chemist  states,  that  170 
grains  of  ignited  sulphate  of  barytes  denote  100  of  dried  sulphate 
of  soda;  while  136.36  of  the  same  substance  indicate  10©  of  dry 
sulphate  of  potash;  and  100  parts  result  from  the  precipitation  of 
52.11  of  sulphate  of  magnesia. 

From  Klaproth's  experiments,  it  appears,  that  1000  grains  of 
sulphate  of  barytes  indicate  595  of  desiccated  sulphate  of  soda,  or 
1416  of  the  crystallized  salt.  The  same  chemist  has  shown,  that 
100  grains  of  sulphate  of  barytes  are  produced  by  the  precipitation 
of  71  gains  of  sulphate  of  lime,  of  ordinary  dryness.  The  results 
of  my  own  experiments  are  stated'  in  page  274.  From  these 
it  follows,  that  100  grains  of  ignited  sulphate  of  barytes  denote  57 
of  calcined  sulphate  of  lime  ;  or  73  of  the  same  sulphate,  dried  by 
a  temperature  of  only  160°  Fahrenheit.  Desiccated  sulphate  of 
magnesia,  when  decomposed  by  muriate  of  barytes,  affords  twice  its 
weight  of  the  barytic  sulphate. 

2.  Phosphoric  salts  occasion  a  precipitate  also,  which  is  soluble 
in  muriatic  acid  without  effervescence. 

XVI. — Pi-ussiates  of  Potash  and  of  Lime* 

Of  these  two,  the  prussiate  of  potash  is  the  most  eligible.  When 
pure,  it  does  not  speedily  resume  a  blue  colour  on  the  addition  of 
an  acid,  nor  does  it  immediately  precipitate  muriate  of  barytes. 

Prussiate  of  potash  is  a  very  sensible  test  of  iron,  with  the  solu- 
tions of  which  in  acids  it  produces  a  Prussian  blue  precipitate,  in 
consequence  of  a  double  elective  affinity.  To  render  its  effect 
more  certain,  however,  it  may  be  proper  to  add,  previously,  to  any 
water  suspected  to  contain  iron,  a  little  muriatic  acid,  with  a  view 
to  the  saturation  of  uncombined  alkalis  or  earths,  which,  if  present, 
prevent  the  detection  of  very  minute  quantities  of  iron. 

1.  If  a  water,  after  boiling  and  filtration,  does  not  afford  a  blue 
precipitate,  on  the  addition  of  prussiate  of  potash,  the  solvent  of 
the  iron  may  be  inferred  to  be  a  volatile  one,  and  probably  the 
carbonic  acid. 

2.  Should  the  precipitation  ensue  in  the  boiled  water,  the  solvent 
is  a  fixed  acid,  the  nature  of  which  must  be  ascertained  by  other 
tests. 

Doubts  had  been  thrown,  by  several  chemical  writers,  on  the 
fitness  of  the  ferro-prussiate  of  potash  for  determining  the  quantity 
of  iron  in  solutions  of  that  metal.     But   Mr.  Porrett,  in  his  able 

*  The  triple  pmssiatcs  are  to  be  understood  in  this  place. 
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inquiry  into  the  nature  of  the  triple  prussiates,  has  shown  that,  with 
certain  precautions,  the  ferro-prussiate  of  potash  is  fully  adequate 
to  this  purpose.*   It  is  necessary  to  observe, 

1st.  That  if  the  ferro-prussiate,  alter  being  dissolved  in  water 
gives,  immediately,  a  blue  precipitate  by  the  addition  of  muriatic 
acid,  it  is  not  pure,  and  will  afford  a  fallacious  result. 

2dly.  That  if  this  salt,  however  pure,  be  added, in  excess,  to  a  so- 
lution of  iron  containing  an  excess  of  acid,  and  then  heated,  the  Prus- 
sian blue  thrown  down  will  weigh  more  than  it  ought;  because  some 
is  furnished  by  the  decomposition  of  the  ferro-prussic  acid,  contain- 
ed in  that  part  of  the  salt,  which  has  been  added  in  excess. 

Sdly.  That  Prussian  blue,  even  after  it  has  been  formed,  is  mate- 
rially acted  upon  by  a  mixture  of  nitric  and  muriatic  acids,  and,  in 
some  degree,  by  the  muriatic  acid  alone  at  a  boiling  heat. 

4thly.  That  Prussian  blue,  when  precipitated,  often  carries  with 
it  sulphate  of  potash,  derived  from  the  liquid  from  which  it  is  thrown 
down  ;  and  that  this  sulphate  adheres  to  it  so  obstinately,  that  seve- 
ral washings  with  water,  acidulated  with  sulphuric  acid,  are  neces- 
sary to  detach  it. 

5thly.  That  if  the  solution,  to  which  the  test  is  applied,  contain 
not  only  iron,  but  alumine,  oxide  of  copper,  or  any  other  substance, 
which  the  testis  known  to  precipitate,  that  substance  should  be  re- 
moved, by  the  usual  means,  previously  to  the  application  of  the 
test. 

Suppose  then,  for  example,  that  we  have  barytes,  alumine,  mag- 
nesia, and  oxides  of  iron  and  copperyih  a  state  of  solution  by  nitro- 
muriatic  acid.  The  solution,  if  not  already  neutral,  may  first  be 
rendered  so  by  the  cautious  addition  of  ammonia.  The  barytic  salt 
may  next  be  decomposed  by  a  solution  of  sulphate  of  soda,  added 
till  it  ceases  to  occasion  a  precipitate.  Ammonia,  added  to  the  re- 
siduary liquor,  throws  down  the  other  earths  and  oxides,  and  an  ex- 
cess of  it  will  re-dissolve  the  oxide  of  copper.  From  the  insoluble 
part,  consisting  of  alumine,  magnesia,  and  oxide  of  iron,  solution  of 
pure  potash  will  remove  the  alumine.  The  oxide  of  iron  and  mag- 
nesia may  then  be  re -dissolved  in  any  suitable  acid  ;  and  to  the  so- 
lution, neutralized,  or  nearly  so,  by  ammonia  if  necessary,  the  ferro- 
prussiate  may  be  poured,  till  it  ceases  to  produce  any  etfect,  taking 
care  to  add  as  little  excess  as  possible.  The  precipitate  washed, 
dried  at  a  steam  heat,  and  weighed,  will  indicate  in  every  100 
grains,  34.235  grains  of  peroxide  of  iron. 

Besides  iron,  the  prussiated  alkalies  also  precipitate  muriate  of 
alumine.  No  conclusion,  therefore,  can  be  deduced,  respecting  the 
non-existence  of  muriate  of  alumine,  from  any  process,  in  which  the 
prussic  test  has  previously  been  used.  It  will,  therefore,  be  pro- 
per, if  a  salt  of  alumine  be  indicated  by  other  tests,  to  examine  the 
precipitate  effected  by  prussiate  of  potash.  This  may  be  done  by 
repeatedly  boiling  it  to  dryness  with  muriatic  acid,  which  takes  up 
the  alumine,  and  leaves  the  prussiate  of  iron.  From  the  muriatic 
solution,  the  alumine  may  be  precipitated  by  a  solution  of  carbonate 
of  potash. 

-  Phil.  Trans.  1814,  p.  538. 
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According  to  Klaproth  (ii.  55),  solutions  of  yttria  (which  earth, 
howevt-r,  is  not  likely  to  be  present  in  any  mineral  water)  afford, 
with  the  Prussian  test,  a  white  precipitate,  passing  to  pearl-grey, 
which  consists  of  prussiate  of  yttria.  This  precipitate  disappears 
on  adding  an  acid,  and  hence  may  be  separated  from  prussiated 
iron.  The  same  accurate  chemist  states,  that  the  Prussian  test 
has  no  acuon  on  salts  with  base  of  glucine  (ib.)  ;  but  that  it  preci- 
pitates zircon  from  its  solutions,     (ii.  214.) 

The  prussiated  alkalies  decompose,  also,  all  metallic  solutions, 
excepting  those  of  gold,  platina,  iridium,  rhodium,  osmium,  and  an- 
timony. 

XVII. — Succinate  of  Soda  and  of  Ammonia. 

1.  The  succinate  of  soda  was  first  recommended  by  Gehlen,  and 
afterwards  employed  by  Klaproth  (Contributions,  ii.  48)  for  the  dis- 
covery and  separation  of  iron.  The  salt  with  base  of  ammonia  has 
also  been  used  for  a  similar  purpose  by  Dr.  Marcet,  physician  to 
Guy's  Hospital,  in  a  skilful  analysis  of  the  Brighton  chalybeate, 
which  is  published  in  the  new  edition  of  Dr.  Saunders's  Treatise  on 
Mineral  Waters. 

The  succinic  test  is  prepared  by  saturating  carbonate  of  soda  or 
ammonia  with  succinic  acid.  In  applying  the  test,  it  is  necessary 
not  to  use  more  than  is  sufficient  for  the  purpose ;  because  an  ex- 
cess of  it  re-dissolves  the  precipitate.  The  best  mode  of  proceed- 
ing, is  to  heat  the  solution  containing  iron,  and  to  add  gradually  the 
solution  of  succinate,  until  it  ceases  to  produce  any  turbidness.  A 
brownish  precipitate  is  obtained,  consisting  of  succinate  of  iron. 
This,  when  calcined  with  a  little  wax,  in  a  low  red-heat,  gives  an 
oxide  of  iron,  containing  about  70  per  cent,  of  the  metal.  From  Dr. 
Marcet's  experiments,  it  appears  that  100  grains  of  iron,  dissolved 
in  sulphuric  acid,  then  precipitated  by  the  succinate  test,  and  after- 
wards burned  with  wax,  give  148  of  oxide  of  iron;  that  is,  100 
grains  of  the  oxide  indicate  about  671  of  metallic  iron. 

2.  The  succinates,  however,  it  is  stated  by  Dr.  Marcet  and  Mr. 
Ekeberg,  precipitate  alumine,  provided  there  be  no  considerable 
excess  of  acid  in  the  aluminous  salt.  On  magnesia  it  has  no  action, 
and  hence  may  be  successfully  employed  in  the  separation  of  these 
two  earths.  If  100  parts  of  octohedral  crystals  of  alum  be  entirely 
decomposed  by  succinate  of  ammonia,  they  give  precisely  12 
parts  of  alumine  calcined  in  a  dull  red-heat.  The  succinate  of  am- 
monia, it  is  stated  by  Mr.  Ekeberg,*  precipitates  glucine  ;  and  the 
same  test,  according  to  Klaproth  (ii.  214),  throws  down  zircon  from 
its  solutions. 

To  separate  all  the  iron  and  alumine  from  any  water,  long  boil- 
ing is  necessary  with  free  access  of  air,  in  order  that  the  iron  may 
be  completely  oxidized  ;  for  the  succinates  have  no  action  on  salts 
containing  the  protoxide  of  iron. 

*  Journ.des  Mines,  No.  70. 
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XVlIl.—Phosjihate  of  Soda. 

An  easy  and  valuable  method  of  precipitating  magnesia  has  been 
suggested  by  Dr.  Wollaston.  It  is  founded  on  the  property  which 
fully  neutralized  carbonate  of  ammonia  possesses  ;  first  to  dissolve 
the  carbonate  of  magnesia,  formed  when  it  is  added  to  the  solution 
of  a  magnesian  salt,  and  afterwards  to  yield  the  earth  to  phosphoric 
acid,  with  which  and  ammonia  it  forms  a  triple  salt.  For  this  pur- 
pose, a  solution  of  carbonate  of  ammonia,  prepared  with  a  portion 
of  that  salt  which  has  been  exposed,  spread  on  a  paper,  for  a  few 
hours  to  the  air,  is  to  be  added  to  the  solution  of  the  magnesian  salt 
sufficiently  concentrated  ;  or  to  a  water  suspected  to  contain  magne- 
sia, after  being  very  much  reduced  by  evaporation.  No  precipitate 
will  appear,  till  a  solution  of  phosphate  of  soda  is  added,  when  an 
abundant  one  will  fail  down.  Let  this  be  dried  in  a  temperature  not 
exceeding  100°  Fahrenheit.  One  hundred  grains  of  it  will  indi- 
cate 19  of  pure  magnesia  ;  about  66  of  muriate  of  magnesia  ;  and  62 
of  desiccated,  or  double  that  quantity  of  crystallized,  sulphate  of 
magnesia.  If,  instead  of  drying  the  precipitate  at  a  gentle  heat, 
we  calcine  it,  we  may  then  reckon  the  calcined  phosphate  of  mag- 
nesia to  indicate,  in  every  hundred  grains,  38.5  of  magnesia,  or  to 
be  equivalent  to  226  grains  of  the  crystallized  sulphate  of  that 
earth. 

XIX. — Muriate  of  Lime. 

Muriate  of  lime  is  principally  of  use  in  discovering  the  presence 
of  alkaline  carbonates,  which,  though  they  very  rarely  occur,  have 
sometimes  been  found  in  mineral  waters.  Carbonate  of  potash 
exists  in  the  waters  of  Aix-la-Chapelle  ;  that  of  soda,  in  the  water 
of  a  few  springs  and  lakes ;  and  the  ammoniacal  carbonate  was 
detected  by  Mr.  Cavendish  in  the  waters  of  Rathbone-place.  Of 
all  the  three  carbonates,  muriate  of  lime  is  a  sufficient  indicator ; 
for  those  salts  separate  from  it  a  carbonate  of  lime,  soluble  with 
effervescence  in  muriatic  acid. 

With  respect  to  the  discrimination  of  the  different  alkalis,  potash 
may  be  detected  by  the  nitro-muriate  of  platina,  which  distinctly 
and  immediately  precipitates  that  alkali  and  its  compounds,  and 
is  not  affected  by  soda.  Carbonate  of  ammonia  may  be  discovered 
by  its  smell ;  and  by  its  precipitating  a  neutral  salt  of  alumine,  while 
it  has  no  action  apparently  on  magnesian  salts. 

XX. — Solution  of  Soap  in  Alcohol. 

This  solution  may  be  employed  to  ascertain  the  comparative 
hardness  of  waters.  With  distilled  water  it  may  be  mixed,  with- 
out any  change  ensuing  ;  but  if  added  to  a  hard  water,  it  produces 
amilkiness,  more  considerable  as  the  water  is  less  pure  ;  and,  from 
the  degree  of  this  mi'.kiness,  an  experienced  eye  will  derive  a 
tolerable  indication  of  the  quality  of  the  water.     This  effect  is 
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owing  to  the  alkali  quitting  the  oil,  whenever  there  is  present  in  a 
water  any  substance,  for  which  the  alkali  has  a  stronger  affinity 
than  it  has  tor  oil.  Thus  all  uncombined  acids,  and  all  earthy  and 
metallic  salts,  decompose  soap,  and  occasion  that  property  in 
waiers,  which  is  termed  hardness. 

XXI.— -Alcohol. 

Alcohol,  when  mixed  with  any  water,  in  the  proportion  of  about 
an  equal  bulk,  precipitates  all  the  salts  which  it  is  incapable  of  dis- 
solving.    (See  Kirwan  on  Waters,  page  263.) 

XXII. — Hydro-  Sulfihuret  of  Ammonia. 

This  and  other  sulphurets,  as  well  as  water  saturated  with  sul- 
phuretted hydrogen,  may  be  employed  in  detecting  lead  and  ar- 
senic ;  with  the  former  of  which  they  give  a  black,  and  with  the 
latter  a  yellowish  precipitate.  As  lead  and  arsenic,  however,  are 
never  found  in  natural  waters,  I  shall  reserve,  for  another  occasion, 
what  I  have  to  say  of  the  application  of  these  tests. 

TABLE, 

Showing  the   Substances  that  may  be  expected  in  Mineral  Waters, 
and  the  Means  of  detecting  them. 

Acids  in  general.  Infusion  of  litmus. — Syrup  of  violets,  I. 

Acid,  boracic.     Acetate  of  lead,  XIII.  3. 

Acid,  carbonic.  Infusion  of  litmus,  I.  1,  2. — Lime  water,  VIII. 
1. — Barytic  water,  IX.  1. 

Acid,  muriatic.  Nitrate  and  acetate  of  silver,  XII.  Nitrate  of 
mercury,  XIV. 

Acid,  nitric.     Sulphuric  acid,  IV.  4. 

Acid,  phosphoric.  Solutions  of  barytes,  XV.  2.  Nitrate  of  mer- 
cury, XIV.  5. 

Acid,  sulphurous.  By  its  smell, — and  destroying  the  colour  ot 
litmus,  and  of  infusion  of  red  roses : — by  the  cessation  of  the 
smell  a  few  hours  after  the  addition  of  the  black  oxide  of  manga- 
nese. 

Acid,  sulphuric.  Solution  of  pure  barytes,  IX.  Barytic  salts, 
XV.     Acetate  of  lead,  XII. 

Alkalis  in  general.     Vegetable   colours,  II.     Muriate  of  lime, 

XIX. 

Alumine  dissolved  by  acids.     Succinates,  XVII. 

Ammonia,  by  its  smell,  and  tests,  II.  Nitrate  of  mercury, 
XIV.  2. 

Barytes,  and  its  compounds,  by  sulphuric  acid,  IV. 

Carbonates  in  general.     Effervesce  on  adding  acids. 

Earths  dissolved  by  carbonic  acid.  By  a  precipitation  on  boil- 
ing; by  pure  alkalis,  VII. 
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Hydro-sulphur et  of  lime.     Sulphuric  acid,  IV.     Nitrous  acid,  V. 

Iron  dissolved  by  carbonic  acid.  Tincture  of  galls,  III.  1.  Prus- 
siate  of  potash,  XVI.  1.     Succinate  of  ammonia,  XVII. 

Iron  dissolved  by  sulphuric  acid.  Same  tests,  III.  3.  XVI.  2. 
XVII. 

Lime  in  a  fnire  state.  Water  saturated  with  carbonic  acid. 
Blowing  air  from  the  lungs.     Oxalic  acid,  VI. 

Lime  dissolved  by  carbonic  acid.  Precipitation  on  boiling. Caus- 
tic alkalis,  VII.  Oxalic  acid,  VI. 

Lime  dissolved  by  sulphuric  acid.  Oxalate  of  ammonia,  VI.  Ba- 
rytic  solutions,  IX.  and  XV. 

Magnesia  dissolved  by  carbonic  acid.  Precipitation  on  boiling, — 
the  precipitate  soluble  in  dilute  sulphuric  acid. 

Mugncsia  dissolved  by  other  acids.  Precipitated  by  pure  ammo- 
nia, not  by  the  carbonate,  VII.  5.  Phosphate  of  soda,  XVII. 

Muriates  of  alkalis.     Solutions  of  silver,  XII. 

of  lime.  Solutions  of  silver,  XII.  Oxalic  acid  and  oxa- 
late of  ammonia,  VI. 

Sulphates  in  general.  Barytic  solutions,  IX.  and  XV. — Acetate 
of  lead,  XIII. 

Sulphate  of  alumine.  Barytic  solutions,  IX.  and  XV. — A  preci- 
pitate by  carbonate  of  ammonia  not  soluble  in  acetous  acid,  but 
soluble  in  pure  fixed  alkalis  by  boiling.    Succinates,  XVII.  2. 

Sul/ihate  of  lime*.  Barytic  solutions,  IX.  and  XV. — Oxalic  acid, 
and  oxalates,  VI. — A  precipitate  by  alkalis  not  soluble  in  dilute 
sulphuric  acid. 

Sulfihurets  of  alkalis.  Polished  metals,  X.  Smell  on  adding  sul- 
phuric or  muriatic  acid.     Nitrous  acid,  V. 

Sulphuretted  hydrogen  gas.  By  its  smell.  Infusion  of  litmus,  I. 
Polished  metals,  X.  Acetate  of  lead,  XIII.  2.* 


SECTION  II. 

Analysis  of  Waters  by  Evaporation. 

Before  proceeding  to  the  evaporation  of  any  natural  water,  its 
gaseous  contents  must  be  collected.  This  may  be  done  by  filling 
with  the  water  a  large  glass  bottle,  capable  of  holding  about  50 
cubical  inches,  and  furnished  with  a  ground  stopper  and  bent  tube. 
The  bottle  is  to  be  placed,  up  to  its  neck,  in  a  tin  kettle  filled  with 
a  saturated  solution  of  common  salt,  which  must  be  kept  boiling 
for  an  hour  or  two,  renewing,  by  fresh  portions  of  hot  water,  what 
is  lost  by  evaporation.  The  disengaged  gas  is  conveyed,  by  the 
bent  tube,  into  a  graduated  jar,  filled  with,  and  inverted  in,  mercu- 

*  The  vapour  of  putrefying  animal  or  vegetable  matter  dissolved  in  water, 
according  to  Klaproth,  vol.  i.  page  590,  often  gives  a  deceptive  indication  of 
sulphuretted  hydrogen. 

4   G 
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ry,  where  its  hulk  is  to  he  determined.  On  the  first  impression  of 
the  heat,  however,  the  water  will  be  expanded,  and  portions  will 
continue  to  escape  into  the  graduated  jar,  till  the  water  has  attained 
its  maximum  of  temperature.  This  must  be  suffered  to  escape, 
and  its  quantity  be  deducted  from  that  of  the  water  submitted  to 
experiment. 

Ln  determining,  with  precision,  the  quantity  of  gas,  it  is  neces- 
sary to  attend  to  the  state  of  the  barometer  and  thermometer,  and 
to  other  circumstances  already  enumerated,  page  92.  Rules  for 
reducing  observations  made  under  different  states  of  the  barome- 
ter and  thermometer,  to  a  mean  standard,  will  be  given  in  the  Ap- 
pendix. If  a  considerable  proportion  of  gas  be  contained  in  a  mi- 
neral water,  the  most  commodious  method  of  receiving  it  is  into 
a  small  gazometer. 

The  gases,  most  commonly  found  in  mineral  waters,  are  carbonic 
acid;  sulphuretted  hydrogen  ;  nitrogen  gas;  oxygen  g-as/and,  in 
the  neighbourhood  of  volcanoes  only,  sulphurous  acid  gas. 

To  determine  the  proportion  of  the  gases,  constituting  any  mix- 
ture obtained  from  any  mineral  water  in  the  foregoing  manner,  the 
following  experiments  may  be  made.  If  the  use  of  re-agents  has 
not  detected  the  presence  of  sulphuretted  hydrogen,  and  there  is 
reason  to  believe,  from  the  same  evidence,  that  carbonic  acid  forms 
a  part  of  the  mixture,  let  a  graduated  tube  be  nearly  filled  with  it 
over  quicksilver.  Pass  up  a  small  portion  of  sol-:tion  of  potash, 
and  agitate  this  in  contact  with  the  gas.  The  amount  of  the  di- 
minution will  show  how  much  carbonic  acid  has  been  absorbed; 
and,  if  the  quantity  submitted  to  experiment,  was  an  aliquot  part 
of  the  whole  gas  obtained,  it  is  easy  to  infer  the  total  quantity  pie- 
sent  in  the  water.  The  unabsorbable  residuum  consists,  most 
probably,  of  oxygen  and  azotic  gases  ;  and  the  proportion  of  these 
two  is  best  learned  by  the  use  of  Dr.  Hope's  eudiometer.  (See 
page  106.) 

If  sulphuretted  hydrogen  be  present,  along  with  carbonic  acid, 
the  separation  of  these  two  is  a  problem  of  some  difficulty.  Mf. 
Kirwan  recommends  that  a  graduated  glass  vessel,  completely  fill- 
ed with  the  mixture,  be  removed  into  a  vessel  containing  nitrous 
acid.  This  instantly  condenses  the  sulphuretted  hydrogen,  hut 
not  the  carbonic  acid  gas  I  apprehend,  however,  that  a  more 
eligible  mode  will  be  found  to  be,  the  condensation  of  the  sul- 
phuretted hydrogen  by  oxymuriatic  acid  gas  (obtained  from  mu- 
riatic acid  and  hyper-oxymuriate  of  potash)  ;  adding  the  latter  gas 
very  cautiously,  as  long  as  it  products  any  condensation.  Or, per- 
haps a  better  plan  of  effecting  the  separation  will  he  the  follow- 
ing :  Half  fill  a  graduated  phial  with  the  mixed  carbonic  acid  and 
sulphuretted  hydrogen  gases,  and  expel  the  rest  of  the  water  by 
oxy-muriatic  acid  gas.  Let  the  mouth  of  the  bottle  be  then  closed 
with  a  well-ground  stopper,  and  let  the  mixture  be  kept  twenty- 
four  hours.  Then  withdraw  the  stopper  under  water,  a  quantity 
of  which  fluid  will  immediately  rush  in.  Allow  the  bottle  to  stand 
half  an  hour  without  agitation.  The  redundant  oxymuriatic  acid 
gas  will  thus  be  absorbed;  and  very  little  of  the  carbonic  acid  will 
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disappear.  Supposing  that,  to  ten  cubic  inches  of  the  mixed  gases, 
ten  inches  of  oxymuriatic  gas  have  been  added,  and  that,  after  ab- 
sorption by  standing  over  water,  five  inches  remain:  the  result  of 
Ibis  experiment  shows,  that  the  mixture  consisted  of  equal  parts 
of  sulphuretted  hydrogen  and  carbonic  acid  gases. 

Mr.  Westrumb  ascertains  the  proportion  ot  sulphuretted  hydro- 
gen and  carbonic  acid  gases,  by  the  following  method.  He  intro- 
duces a  known  quantity  of  the  water  underexamination  intoa  glass 
vessel,  from  which  proceeds  a  curved  tube,  terminating  in  a  long 
cylinder,  filied  with  lime  water.  The  gas  is  expelled  by  heat,  and 
the  precipitate  collected.  Every  twenty  grains  indicate  ten  cubic 
inches  ol  carbonic  acid.  To  determine  the  quantity  oi  sulphuret- 
ted hydrogen,  the  same  experiment  is  repeated,  substituting  a  so- 
lution of  super-acetate  of  lead.  Hydro-sulphuret  of  lead  is  form- 
ed, in  the  proportion  of  nineteen  grains  to  ten  cubic  inches  of  gas. 
This  method,  for  several  reasons  which  it  would  take  too  much 
room  to  state,  is  perhaps  inferior  to  the  one  which  I  have  just  pro- 
posed. 

Whenever  this  complicated  admixture  of  gases  occurs,  as  in  the 
case  of  the  Harrowgate-watcr,  it  is  advisable  to  operate  separately 
on  two  portions  of  gas,  with  the  view  to  determine,  by  the  one,  the 
quantity  of  carbonic  acid  and  sulphuretted  hydrogen;  and  that  of 
nitrogen  and  oxygen  by  the  other.  In  the  latter  instance,  remove 
both  the  absorbable  gases  by  caustic  potash  ;  and  examine  the  re- 
mainder in  the  manner  already  directed. 

Nitrogen  gas  sometimes  occurs  in  mineral  waters,  almost  in  an 
unmixed  state.  When  this  happens,  the  gas  will  be  known  by  the 
characters  already  described  as  belonging  to  it,  page  101.  Sul- 
phurous acid  gas  may  be  detected  by  its  peculiar  smell  of  burning 
brimstone,  and  by  its  discharging  the  colour  of  an  infusion  of  roses, 
which  has  been  reddened  by  the  smallest  quantity  of  any  mineral 
acid  adequate  to  the  effect. 

The  vessels  employed  for  evaporation,  should  be  of  such  ma- 
terials as  are  not  likely  to  be  acted  on  by  the  contents  of  the  water. 
I  prefer  those  ofunglazed  biscuit  ware,  made  by  Messrs.  Wedg- 
wood ;  hut,  as  their  surface  is  not  perfectly  smooth,  and  the  dry 
mass  may  adhere  so  strongly  as  not  to  be  easily  scraped  off,  the 
water,  when  reduced  toabout  one  tenth  or  less,  may  be  transferred, 
wit  any  d  posit  that  may  have  taken  place,  into  a  smaller  vessel  of 
glass.     Hett    let  it  be  evaporated  to  dryness. 

(a)  Thi  dry  mass,  when  collected  and  accurately  weighed,  is  to 
be  put  into  a  bottle,   and  alcoho!  poured  on    it,  to  the  depth    of  an 

Alter  having  stood  a  few  hour-;,  and  been  occasionally  shaken, 
pour  the  whole  on  a  filter,  wash  it  with  a  little  more  alcohol,  and  dry 
and  weigh  the  remainder. 

(b)  To  the  undissolved  residue,  add  eight  times  us  weight  of 
cold  distilled  water  ;  shake  the  mixture  frequently  ;  and,  after  some 

liter;  ascertaining  the  loss  of  v/e. 
(':  Boil  the  residuum,  for   a    quarter  of  an  hour,    in    somewhat 
more  than  five  hundred   times  its  weight  of  water,  and  afterwards 
filter. 
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(d)  The  residue,  which  must  be  dried  and  weighed,  is  no  longer 
soluble  in  water  or  alcohol.  If  it  has  a  brown  colour,  denoting  the 
presence  of  iron,  let  it  be  moistened  with  water,  and  exposed  to  the 
sun's  rays  for  some  weeks. 

I.  The  solution  in  alcohol  (a)  may  contain  one  or  all  of  the  fol- 
lowing salts  :  Muriates  of  lime,  magnesia,  or  barytes  ;  or  nitrates 
of  the  same  earths.  Sometimes,  also,  the  alcohol  may  take  up  a 
sulphate  oi  iron,  in  which  the  metal  is  highly  oxydized,as  will  ap- 
pear ft'otn  its  reddish  brown  colour. 

1.  In  order  to  discover  the  quality  and  quantity  of  the  ingredients, 
evaporate  to  dryness;  weigh  the  residuum;  add  above  half  its 
weight  of  strong  sulphuric  acid  ;  and  apply  a  moderate  heal.  The 
muriatic  or  nitric  acid  will  be  expelled,  and  will  be  known  by  the 
colour  of  their  fumes;  the  former  being  white,  and  the  latter  orange 
coloured. 

2.  To  ascertain  whether  lime  or  magnesia  be  the  basis  of  the 
salts,  let  the  heat  be  continued  till  no  more  fumes  arise,  and  let  it 
then  be  raised  to  expel  the  excess  of  sulphuric  acid.  To  the  dry 
mass,  add  twice  its  weight  of  distilled  water.  This  will  take  up 
the  sulphate  of  magnesia,  and  leave  the  sulphate  of  lime.  The  two 
sulphates  mav  be  separately  decomposed,  by  boiling  with  three  or 
four  times  their  weight  of  carbonate  of  potash.  The  carbonates  of 
lime  and  magnesia,  thus  obtained,  may  be  separately  dissolved  in 
muriatic  acid,  and  evaporated.  The  weight  of  the  dry  salts  will 
inlorm  us  how  much  of  each  the  alcohol  had  taken  up.  Lime  and 
magnesia  may  also  be  separated  by  the  use  of  the  phosphate  of 
soda,  applied  in  the  manner  already  described  in  the  preceding  sec- 
tion, No.  XVIII. 

The  presence  of  barytes,  which  is  very  rarely  to  be  expected, 
may  be  known  by  a  precipitation  ensuing  on  adding  sulphuric  acid 
to  a  portion  of  the  alcoholic  solution,  which  has  been  diluted  with 
50  or  60  times  its  bulk  of  pure  water. 

II.  The  watery  solution  (6)  may  contain  a  variety  of  salts,  the 
accurate  separation  of  which  from  each  other  is  a  problem  of  con- 
siderable difficulty. 

1.  The  analysis  of  this  solution  may  be  attempted  by  crystalliza- 
tion. For  this  purpose,  let  one  half  be  evaporated  by  a  very  gentle 
heat,  not  exceeding  80°  or  90°.  Should  any  crystals  appear  on  the 
surface  of  the  solution,  while  hot,  in  the  form  of  a  pellicle,  let  them 
be  separated  and  dried  on  bibulous  paper.  These  are  muriate  of 
soda  or  common  salt.  The  remaining  solution,  on  cooling  very 
gradually,  will,  perhaps  afford  crystals  distinguishable  by  their  form 
and  other  qualities.  When  various  salts,  however,  are  contained  in 
the  same  solution,  it  is  extremely  difficult  to  obtain  them  suffi- 
ciently distinct  to  ascertain  their  kind. 

2.  The  nature  of  the  saline  contents  must,  therefore,  be  examin- 
ed by  tests,  or  re-agents. 

The  presence  of  an  uncombined  alkali  will  be  discovered  by  the 
stained  papers  (pa.ge  589),  and  of  acids  by  the  tests  (p.  588,589). 
The  vegetable  alkali,  or  potash,  may  be  distinguished  from  the 
mineral,  or  soda,  by  saturation  with  sulphuric  acid,  and  evaporation 
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to  dryness  ;  the  sulphate  of  soda  being  much  more  soluble  than 
that  of  potash;  or,  by  supcrsaturation,  with  the  tartarous  acid,  which 
gives  a  soluble  salt  with  soda,  but  not  with  potash.  Muriate  of 
platina,  also,  is  an  excellent  test  of  potash  and  its  combinations  ; 
for,  with  the  smallest  portion  of  this  alkali,  or  any  of  its  salts,  it 
forms  a  distinct  and  immediate  precipitate  ;  while  it  is  not  at  all  af- 
fected by  the  mineral  alkali  or  its  compounds. 

If  neutral  salts  be  present  in  the  solution,  we  have  to  ascertain 
both  the  nature  of  the  acid  and  of  the  basis.  This  may  be  done  by 
attention  to  the  rules  already  given  for  the  application  of  tests, 
which  it  is  unnecessary  to  repeat  in  this  place. 

III.  The  solution  by  boiling  water  contains  scarcely  any  thing 
beside  sulphate  of  lime. 

IV.  The  residuum  (d)  is  to  be  digested  in  distilled  vinegar, 
which  takes  up  magnesia  and  lime,  but  leaves,  undissolved,  alumine 
and  highly  oxydized  iron.  Evaporate  the  solution  to  dryness.  If 
it  contain  acetate  of  lime  only,  a  substance  will  be  obtained  which 
does  not  attract  moisture  from  the  air ;  if  magnesia  be  present,  the 
mass  will  deliquiate.  To  separate  the  lime  from  the  magnesia, 
proceed  as  in  I. 

The  residue,  insoluble  in  acetous  acid,  may  contain  alumine,  iron, 
and  silex.  The  two  first  may  be  dissolved  by  muriatic  acid,  from 
which  the  iron  may  be  precipitated  first  by  prussiate  of  potash, and 
the  alumine  afterwards  by  a  fixed  alkali. 


CHAPTER  II. 

EXAMINATION    OF    MINERALS. 

SECTION  I. 

General  Directions. 

THE  chemical  analysis  of  minerals  is  attended  even  with  greater 
difficulties  than  that  of  natural  waters  ;  and  it  would  require  not 
only  a  separate  work,  but  one  of  considerable  extent  to  comprehend 
rules  for  determining  the  proportions  of  all  possible  combinations. 
On  the  present  occasion,  I  mean  only  to  offer  a  few  general  direc- 
tions for  attaining  such  a  knowledge  of  the  corn  position  of  mineral 
bodies,  as  may  enable  the  chemical  student  to  refer  them  to  their 
proper  place  in  a  mineral  arrangement,  and  to  judge  whether  or  not 
they  may  admit  of  application  to  the  uses  of  common  life.  Those 
who  are  solicitous  to  become  adep>s  in  the  art  of  mineral  analysis, 
may  read  attentively  the  numerous  papers  o{  Vauquelin,  H;  U  h  tt, 
and  other  skilful  analysts,  dispersed  through  various  chemit  al  col- 
lections ;  and  also  an' admirable  woik  of  M.  Klaproth,  lately  trans- 
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lated  into  English,  entitled,  "  Analytical  Essays  towards  improving 
the  Chemical  Knowledge  of  Minerals,"  2  vols.  8vo.,  published 
by   Cauell    and  Davies,  1801. 

The  great  variety  of  mineral  bodies,  which  nature  presents  in 
the  composition  ot  this  globe,  have  been  classed  by  late  writers 
under  a  tew  general  divisions  They  may  be  arranged  under  four 
heads.  1st,  Earths;  2d,  Salts;  3d,  Inflammable  Fossils;  and, 
4th,  Metals,  and  their  Ores. 

I.  Earths— Tne  formation  of  such  a  definition  of  earths  as 
would  apply  exactly  to  the  bodies  defined,  and  to  no  others,  is  at- 
tended with  considerable  difficulty,  and  indeed  has  never  y,;t  been 
effected.  It  would  lead  me  into  too  long  a  discussion,  to  comment, 
in  this  place,  on  the  definitions  that  have  been  generally  offered, 
and  to  state  the  grounds  of  objection  to  each  of  them  Sensible, 
therefore,  that  I  am  unable  to  present  an  unexceptionable  character 
of  earthy  bodies,  I  shall  select  such  a  one  as  may  be  sufficient  for 
the  less  accurate  purpose  of  general  distinction 

"The  term  earth,"  says  Mr.  Kirwan,  "denotes  a  tasteless,  in- 
odorous, dry,  brittle,  uninflammable  substance,  whose  specific 
gravity  does  not  exceed  4.9  (z.  e.  which  is  never  five  times  heavier 
than  water),  and  which  gives  no  tinge  to  bo:  ax  in  fusion."  After 
stating  some  exceptions  to  this  definition,  afforded  by  the  strong 
taste  of  certain  earths, and  the  solubility  of  others,  he  adds, "Since, 
however,  a  line  must  be  drawn  between  salts  and  earths,  I  think 
it  should  begin  where  solution  is  scarcely  perceptible  ;  salts  termi- 
nating, and  earths,  in  strictness,  commencing,  where  the  weight  of 
the  water,  requisite  for  the  solution,  exceeds  that  of  the  solvent 
1000  times.  But,  not  to  depart  too  widely  from,  the  commonly 
received  import  of  words  that  are  in  constant  use,  substances  that 
require  100  times  their  weight  of  water  to  dissolve  them,  and  have 
the  other  sensible  properties  of  earths,  may  be  so  styled  in  a  loose 
and  popular  sense." 

The  simple,  or  primitive  earths,  are  those  which  can  only  be  re- 
solved into  oxygen  and  a  metallic  basis.  Such  are  lime,  magnesia, 
alumine,  silex,  he. 

The  compound  earths  are  composed  of  two  or  more  primitive 
earths,  united  chemically  together.  Sometimes  the  union  of  an 
earth  with  an  acid  constitutes  what  is  vulgarly  called  an  earth  ;  as 
in  the  examples  of  sulphate  of  lime,  fluate  of  lime,  &c. 

II.  Salts. — Under  this  head  Mr.  Kirwan  arranges  "all  those 
substances  that  require  less  than  100  times  their  weight  of  water 
to  dissolve  them."  This  description,  though  by  no  means  so  amply 
characteristic  of  the  class  of  salts  as  to  serve  for  an  exact  defini- 
tion, is  sufficient  for  our  present  purpose. 

III.  "By  inflammable  fossils,"  the  same  author  observes, 
"are  to  be  understood  all  those  of  mineral  oiigin,  whose  principal 
character  is  inflammability  ;  a  criterion  which  excludes  the  dia- 
mond and  metallic  substances,  though  also  susceptible  of  com- 
bustion." 

IV.  Metallic  substances  are  so  well  characterized  by  ex- 
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tcrnal  properties,  as  not  to  require  any  definition.— •"  Those  on 
which  nature  has  bestowed  their  proper  metallic  appearance,  or 
which  are  alloyed  only  with  other  metals  or  semi-metals,  are  called 
native  metals.  But  those  that  are  distinguished,  as  they  commonly 
are  in  mines,  by  combination  with  some  other  unmetallic  sub- 
stances, i.re  said  to  be  mineralized.  The  substance  that  sets  them 
in  that  suae  is  called  a  mineralizcr,  and  the  compound  of  both,  an 
ore."  Tims,  in  the  most  common  ore  of  copper,  this  metal  is  found 
oxydizeel,  and  the  oxide  combined  with  sulphur.  The  copper  may 
be  said  to  be  mineralized  by  oxygen  and  sulphur,  and  the  com- 
pound of  the  three  bodies  is  called  an  ore  of  copper. 


SECTION  II. 

Method  of  examining  a    Mineral,  the   Composition  of  which  is 
uj:known. 

A  mineral  substance,  presented  to  our  examination  without  any 
previous  knowledge  of  its  composition,  should  first  be  referred  to 
one  of  the  above  four  classes,  in  order  that  we  may  attain  a  gene- 
ral knowledge  of  its  nature,  before  proceeding  to  analyze  it 
minutely. 

I.  To  ascertain  whether  the  unknown  mineral  contain  saline 
matter,  let  100  grains,  or  any  other  determinate  quantity,  in  the 
state  of  fine  powder,  be  put  into  a  bottle,  and  shaken  up  repeatedly 
with  30  times  its  weight  of  water,  of  the  temperature  of  120°  or 
130°.  After  having  stood  an  hour  or  two,  pour  the  contents  of  the 
bottle  on  a  filtering  paper,  previously  weighed  and  placed  on  a 
funnel.  When  the  water  has  drained  off,  dry  the  powder  on  a 
filtering  paper,  in  a  heat  of  about  212°:  and,  when  dry,  let  the 
whole  be  accurately  weighed.  If  the  weight  be  considerably  less 
than  the  joint  weight  of  the  powder  before  digestion  and  the  filter- 
ing paper,  we  may  infer  that  some  salt  has  been  dissolved,  and  the 
(let  rease  of  weight  will  indicate  its  quantity. 

In  certain  cases  it  may  be  advisable  to  use  repeated  portions 
of  boiling  water,  when  the  salt  suspected  to  be  present  is  difficult 
of  solution. 

Should  the  mineral  under  examination  be  proved,  by  the  forego- 
ing experiment,  to  contain  much  saline  matter,  the  kind  and  pro- 
portion must  next  be  determined,  by  rules  which  will  hereafter  be 
laid  down. 

II.  The  second  class,  viz.  earthy  bodies,  are  distinguished  by 
their  insolubility  in  water,  by  their  freedom  from  taste,  by  their 
uninfiammability,  and  by  their  specific  gravity  never  reaching  5. 
If,  therefore,  a  mineral  be  insoluble  in  water,  when  tried  in  the 
foregoing  manner  ;  and  if  it  be  not  consumed,  either  wholly  or  in 
considerable  part,  by  keeping  it,  for  some  time,  on  a  red-hot  iron  ; 
we  may  conclude  that  it  is  neither  a  salt  nor  an  inflammable  body. 

III.  The  only  remaining  ciass  with  which  it  can  be  confounded 
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are  ores  of  metals,  from  many  of  which  it  may  be  distinguished 
merely  by  poising  it  in  the  hand,  the  ores  of  metals  being  always 
heavier  than  earths  ;  or,  if  a  doubt  should  still  remain,  it  may  be 
weighed  hydrostaucally.  The  mode  of  doing  this  it  may  be  proper 
to  describe  ;  but  the  priuciple  on  which  the  practice  is  founded, 
cannot  with  propriety  be  explained  here.  Let  the  mineral  be  sus- 
pended by  a  piece  of  fine  hair,  silk,  or  thread  from  the  scale  of  a 
balance,  and  weighed  in  the  air.  Suppose  it  to  weigh  250  grains. 
Let  it  next  (still  suspended  to  the  balance)  be  immersed  in  a  glass 
of  distilled  water,  of  the  temperature  of  60°  Faht.  The  scale  con- 
taining the  weight  will  now  preponderate.  Add,  therefore,  to  the 
scale  from  which  the  mineral  hangs,  as  many  grain-weights  as  arc 
necessary  to  restore  the  equilibrium.  Suppose  that  50  grainy  are 
necessary,  then  the  specific  gravity  may  be  learned  by  dividing  the 
weight  in  air  by  the  weight  lost  in  water.  Thus,  in  the  foregoing 
case,  250  -t-  50  =  5  ;  or,  a  substance  which  should  lose  weight  in 
water,  according  to  the  above  proportion,  would  be  five  times 
heavier  than  water.  It  must,  therefore,  contain  some  metal,  though 
probably  in  no  great  quantity.  Any  mineral,  which,  when  weighed 
in  the  above  manner,  proves  to  be  5,  6,  7,  or  more,  times  heavier 
than  water,  may,  therefore,  be  inferred  to  contain  a  metal,  and  may 
be  referred  to  the  class  of  ores. 

IV.  Inflammable  substances  are  distinguished  by  their  burning 
away,  either  entirely  or  in  considerable  part,  on  a  red-hot  iron  ;  and 
by  their  detonating,  when  mixed  with  powdered  nitre,  and  thrown 
into  a  red-hot  crucible.  Certain  ores  of  metals,  however,  which 
contain  a  considerable  proportion  of  inflammable  matter,  answer  to 
this  test,  but  may  he  distinguished  from  purely  inflammable  sub- 
stances by  their  greater  specific  gravity. 

I  shall  now  proceed  to  offer  a  few  general  rules  for  the  more  ac- 
curate examination  of  substances  of  each  of  the  above  classes. 


SECTION  III. 

Examination  of  Salt  v. 

1.  A  solution  of  saline  matter,  obtained  in  the  foregoing  man- 
ner (see  page  607),  may  be  slowly  evaporated,  and  left  to  cool  gra- 
dually. VVhen  cold,  crystals  will  probably  appear,  which  a  chemist, 
acquainted  with  the  forms  of  salts,  will  easily  recognize.  But,  as 
several  different  salts  may  be  present  in  the  same  solution,  and  may 
not  crystallize  in  a  sufficiently  distinct  shape,  it  may  be  necessary 
to  have  recourse  to  the  evidence  of  tests. 

2.  Let  the  salt,  in  the  first  place,  be  referred  to  one  of  the  fol- 
lowing orders. 

(a)  dads,  or  salts  with  excess  of  acid.  These  are  known  by 
their  effect  on  blue  vegetable  colours.  The  particular  species  of 
acid  may  be  discovered  by  the  tests  described,  page  600. 
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(6)  Alkalis.  These  are  characterized  by  their  effect  on  vegeta- 
tablc  colours,  and  by  the  other  properties  enumerated,  p.  148,  149. 
(c)  Salt*  with  metallic  bases.  Metallic  salts  afford  a  very  copious 
precipitate  when  mixed  with  a  solution  of  prussiate  of  potash.  To 
ascertain  the  species  of  metal,  precipitate  the  whole  by  prussiate 
of  potash,  calcine  the  precipitate,  and  proceed  according  to  the 
rules  which  will  hereafter  be  given  for  separating  metais  from 
each  other. 

(rf)  Sales  with  earthy  bases.     If  a    solution  of  salt,  in  which  fer- 
ro-prussiate  of  potash  occasions  no  precipitation,  afford  a  precipi- 
tate, on  adding   pure  or  carbonated  potash,  we  may  infer,  that  a 
compound  of  an   acid,  with  some  one  of  the  earths,  is  present  in 
the  solution.     Or  if,  after  ferro-prussiate  of  potash  has  ceased  to 
throw  down  a  sediment,  the  above-mentioned  alkali  precipitates  a 
farther   portion,  we  may  infer  that  both  earthy  and  metallic  salts 
are  contained  in  the  solution.     In   the  first  case,  add  the  alkaline 
solution,  and,  when  it  has  ceased  to  produce  any  effect,  let  the  se- 
diment subside,  decant  the  supernatant  liquor,  and  wash  and  dry 
the  precipitate.     The  earths  may  be  examined,  according  to  the 
rules  that  will   be    given  in    the  following  article.     In  the  second 
case,  ferro-prussiate  of  potash  must  be  added,  as  long  as  it  preci- 
pitates any  thing,  and  the  liquor  must  be  decanted  from  the  sedi- 
ment, which  is  to  be  washed  with  distilled  water,  adding  the  wash- 
ings to  what   has  been   poured  off.     The  decanted  solution  must 
next  be  mixed  with  the  alkaline  one,  and  the  precipitated  earths 
reserved  for  experiment.     By  this  last  process,  earths  and  metals 
may  be  separated  from  each  other. 

(e>)  Neutral  .salts  with  alkaline  bases.  These  salts  are  not  preci- 
pitated either  by  prussiate  or  carbonate  of  potash.  It  may  happen, 
however,  that  salts  of  this  class  may  be  contained  in  a  solution, 
along  with  metallic  or  earthy  ones.  In  this  case  the  analysis  be- 
comes difficult ;  because  the  alkali,  which  is  added  to  precipitate 
the  two  last,  renders  it  difficult  to  ascertain  whether  the  neutral 
salts  are  owing  to  this  addition,  or  were  originally  present.  I  am 
not  aware  of  any  method  of  obviating  this  difficulty,  except  the  fol- 
lowing :  Let  the  metals  be  precipitated  by  prussiate  of  ammonia, 
and  the  earths  by  carbonate  of  ammonia,  in  a  temperature  of  180° 
or  upwards,  in  order  to  ensure  the  decomposition  of  magnesian 
salts,  which  this  carbonate  docs  not  effect  in  the  cold.  Separate 
the  liquor  by  filtration,  and  boil  it  to  dryness.  Then  expose  the 
dry  mass  to  such  a  heat  as  is  sufficient  to  expel  the  ammoniacal 
salts.*  Those  with  bases  of  fixed  alkali  will  remain  unvolatihzed. 
By  this  process,  indeed,  it  will  be  impossible  to  ascertain  whether 
ammoniacal  salts  were  originally  present;  but  this  may  be  learned 
by  adding  to  the  salt  under  examination,  before  its  solution  in  wa- 
ter, some  pure  potash,  which,  if  ammonia  be  contained  m  the  salt, 

*  This  application  of  heat  will  drive  off,  also,  any  excess  of  the  ammoniacal 
carbonate,  which  miriit  have  retained  in  solution  either  yttm,  giucinc,  oi  zu 
con.    The  alkaline  salts  may  be  separated  from  these  earths,  by  boiUng  the 
mixture  in  water,  filtering',  and  evaporating. 

4  H 
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will  produce  the  peculiar  smell  of  that  alkali.  The  vegetable  and 
mineral  alkalis  may  be  distinguished  by  adding  to  the  solution  a 
little  tartarous  acid,  which  precipitates  the  former  but  not  the  lat- 
ter; or  by  muriate  of  platina,  which  acts  only  on  the  vegetable  al- 
kali. 

Having  ascertained  the  basis  of  the  salt,  the  acid  will  easily  be 
discriminated.  Muriated  barytes  will  indicate  sulphuric  acid  ;  ni- 
trate of  silver  the  muriatic  ;  and  salts,  containing  nitric  acid,  may 
be  known  by  a  detonation  ensuing  on  projecting  them,  mixed  with 
powdered  charcoal,  into  a  red-hot  crucible. 


SECTION  IV. 

Examination  of  Earths  arid  Sto?ies. 

When  a  mineral,  the  composition  of  which  we  are  desirous  to 
discover,  resists  the  action  of  water,  and  possesses  characters  that 
rank  it  among  earthy  bodies,  the  next  object  of  inquiry  is  the  na- 
ture of  the  earths  that  enter  into  its  composition;  in  other  words, 
how  many  of  the  simple  earths,  and  which  of  them  it  may  contain. 
— Of  these  earths,  (viz.  silex,  alumine,  magnesia,  lime,  strontites, 
barytes,  zircon,  glucine,  and  yttria),  one  or  more  may  be  expected 
in  the  composition  of  a  mineral,  beside  a  small  proportion  of  metals, 
to  which  the  colour  of  the  stone  is  owing.  In  general,  however,  it 
is  not  usual  to  find  more  than  four  of  the  simple  earths  in  one  mi 
neral.  The  newly  discovered  earths,  zircon,  glucine,  and  yttria 
occur  very  rarely. 

A  stone,  which  is  intended  for  chemical  examination,  should  be 
finely  powdered,  and  care  should  be  taken  that  the  mortar  is  oi 
harder  materials  than  the  stone,  otherwise  it  will  be  liable  to  abra 
sion,  and  uncertainty  will  be  occasioned  in  the  result  of  the  pro 
cess.  A  longer  or  shorter  time  is  required,  according  io  the  tex 
ture  of  the  stone.  Of  the  harder  gems,  100  grains  require  two  or 
three  hours  trituration.  For  soft  stones,  a  mortar  of  Wedgwood's 
ware  is  sufficient ;  but,  for  very  hard  minerals,  one  of  agate, or  hard 
steel,  is  required  ;  and  the  stone  should  be  weighed  both  before 
and  after  pulverization,  that  the  addition,  if  any,  may  be  ascertain- 
ed and  allowed  for.  Gems,  and  stones  of  equal  hardness,  gain  ge- 
nerally from  10  to  13  fier  cent.  When  a  stone  is  extremely  diffi- 
cult to  be  reduced  to  powder,  it  may  sometimes  be  necessary  to 
make  it  red-hot,  and  while  in  this,  state  to  plunge  it  into  cold  wa- 
ter. By  this  process  it  becomes  brittle,  and  is  afterwards  easily 
pulverized.  But  this  treatment  is  not  always  effectual;  for  Klap- 
roth  found  the  hardness  of  corundum  not  at  all  diminished  by  ignit- 
ing- it,  and  quenching  in  cold  water. 

The  chemical  agents,  employed  in  the  analysis  of  stones,  should 
be  of  the  greatest  possible  purity.  To  obtain  them  in  this  state 
directions  have  been  given  in,  the  former  part  of  this  work. 
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In  treating  of  the  analysis  of  stones,  it  may  be  proper  to  divide 
them,  1st,  into  such  as  ate  soluble,  either  wholly  or  in  part,  and 
with  effervescence,  in  nitric  or  muriatic  acids,  diluted  with  five  or 
six  parts  of  water ;  and,  2dly,  into  such  as  do  not  dissolve  in  these 
acids. 

1.  Earths  or  stones,  soluble  with  effervescence,  in  diluted  nitric 
or  sulphuric  acids.* 

(A)  If  it  be  found,  on  trial,  that  the  mineral  under  examination 
effervesces  with  either  of  these  acids,  let  a  given  weight,  finely 
powdered,  be  digested  with  one  ot  them  diluted  in  the  above  pro- 
portion, in  a  gentle  heat,  for  two  or  three  hours.  Ascertain  the  loss 
of  weight,  in  the  manner  pointed  out,  p.  208,  and  filter  the  solution, 
reserving  the  insoluble  portion. 

(B)  The  solution,  when  effected,  may  contain  lime,  magnesia,  alu- 
mine,  barytes,orstrontites.  To  ascertain  the  presence  of  the  two  last, 
dilute  an  aliquot  part  of  the  solution  with  20  times  its  bulk  of  Water, 
and  add  a  little  sulphuric  acid,  or,  in  preference,  solution  of  sul- 
phate of  soda.  Should  a  white  precipitate  fall  down,  we  may  infer 
the  presence  of  barytes,  of  strontites,  or  of  both. 

(C)  To  ascertain  which  of  these  earths  (viz.  barytes  or  strontites) 
is  present,  or,  if  both  are  contained  in  the  solution,  to  separate  them 
from  each  other,  add  sulphate  of  soda  till  the  precipitate  ceases ; 
decant  the  supernatant  liquid  ;  wash  the  sediment  on  a  filter,  and 
dry  it.  Then  digest  it,  with  four  times  its  weight  of  pure  carbo- 
nate of  potash,  and  a  sufficient  quantity  of  water,  in  a  gentle  heat, 
during  two  or  three  hours.  A  double  exchange  of  principles  will 
ensue,  and  we  shall  obtain  a  carbonate  of  barytes  or  strontites,  or  a 
mixture  of  both.  Pour  on  these,  after  being  well  washed,  nitric 
acid,  of  the  specific  gravity  1.4,  diluted  with  an  equal  weight  of  dis- 
tilled water.  This  will  dissolve  the  strontites,  but  not  the  barytes. 
To  determine  whether  any  strontites  has  been  taken  up  by  the  acid, 
evaporate  the  solution  to  dryness,  and  dissolve  the  dry  mass  in  alco- 
hol. This  alcoholic  solution,  if  it  contain  nitrate  of  strontites,  will 
burn  with  a  deep  blood-red  flame. 

Barytes  and  strontites  may  also  be  separated  from  each  other  in 
the  following  manner  :  To  a  saturated  solution  of  the  two  earths 
in  an  acid,  add  prussiate  of  potash,  which,  if  pure,  will  occasion  no 
immediate  precipitation  ;  but,  after  some  time,  small  and  insoluble 
crystals  will  form  on  the  surface  of  the  jar.  These  are  the  prus- 
siated  barytes,  which  may  be  changed  into  the  carbonate  by  a  red- 
heat,  continued,  with  the  access  of  air,  till  the  black  colour  disap- 
pears. The  strontites  may  be  afterward  separated  from  the  solution 
by  carbonate  of  potash. 

A  third  method  of  separating  strontites  from  barytes  is  founded 
on  the  stronger  affinity  of  barytes,  than  of  the  former  earth,  for 
acids.  Hence  if  the  two  earths  be  present  in  the  same  solution, 
add  a  solution  of  pure  barytes,  till  the   precipitation  ceases.     The 

*  The  sulphuric  acid  is  chiefly  eligible  for  stones  of  the  magnesian  genus. 
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barytes  will  seize  the  acid,  and  will  throw  down  the  strontites.  The 
strontitic  solution,  in  this  case,  should  have  no  excess  of  acid 
which  would  prevent  the  action  of  the  barytic  earth.* 

(D)  The  solution  (B),  after  the  addition  of  sulphate  of  soda,  may 
contain  lime,  magnesia,  alumine,  and  some  metallic  oxides.  To  se- 
parate the  oxides,  add  prussiate  of  potash,  till  its  effect  ceases, 
and  filter  the  solution,  reserving  the  precipitate  for  future  experi- 
ments. 

(E)  When  lime,  magnesia,  and  alumine,  are  contained  in  the 
same  solution,  proceed  as  follows  : 

(a)  Precipitate  the  solution,  previously  made  hot,  by  carbonate  of 
potash ;  wash  the  precipitate  well,  and  dry  it.  It  will  consist  of 
carbonate  of  lime,  magnesia,  and  alumine.  (6)  The  alumine  may 
be  separated,  by  digestion  with  a  solution  of  pure  potash,  which  will 
dissolve  the  alumine  but  not  the  other  earths,  (c)  To  this  solution 
of  alumine,  add  diluted  muriatic  acid,  till  the  precipitate  ceases; 
decaht  the  supernatant  liquor ;  wash  the  precipitate  well  with  dis- 
tilled water,  and  dry  it.  Then  expose  it  to  a  low  red-heat,  in  a 
crucible,  and  weigh  it,  which  will  give  the  proportion  of  alumine. 

(F)  Magnesia  and  lime  may  be  separated  by  the  following  pro- 
cess :  Evaporate  the  solution,  in  nitric  or  muriatic  acid,  to  dryness. 
Weigh  the  dry  mass,  and  pour  on  it,  in  a  glass  evaporating  dish,t 
more  than  its  own  weight  of  strong  sulphuric  acid.  Apply  a  sand- 
heat  till  the  acid  ceases  to  rise,  and  then  raise  the  heat,  so  as  to  ex- 
pel the  excess  of  sulphuric  acid.  Weigh  the  dry  mass,  and  digest 
it  in  twice  its  weight  of  cold  distilled  water.  This  will  dissolve  the 
sulphate  of  magnesia,  and  will  leave  the  sulphate  of  lime,  which 
must  be  put  on  a  filtre,  washed  with  a  little  more  water,  and  dried 
in  a  low  red-heat.  To  estimate  the  quantity  of  lime  deduct,  from 
the  weight  of  the  sulphate,  fifty-nine  per  cent.  According  to 
Klaproth,|  crystallized  sulphate  of  lime  contains  one  third  of 
earth. 

If  the  lime  be  only  in  very  small  proportion  to  the  magnesia,  the 
two  sulphates  may  be  separated  by  evaporation,  that  of  lime  crys- 
tallizing first. 

From  Klaproth's  experiments,  100  parts  of  sulphuric  acid,  speci- 
fic gravity  1850,  when  saturated  with  lime,  give  160  of  sulphate. 
To  saturate  100  parts  of  this  acid,  55  parts  of  pure  lime  are  requir- 
ed, or  100  of  carbonate  of  lime. 

The  magnesia  is  next  to  be  precipitated  from  the  sulphate  by 
the  carbonate  of  potash,  in  a  heat  approaching  212°  ;  and  the  pre- 
cipitate, after  being  well  washed,  must  be  dried,  and  calcined  for  an 
hour.  Its  weight,  after  calcination,  will  give  the  quantity  of  mag- 
nesia contained  in  the  stone. 

*  Klaproth  separates  barytes  from  strontites  by  evaporating  the  mixed  solu- 
tions of  both.  The  barytic  salt,  being  less  soluble,  separates  first ;  and  the  stron- 
titic is  contained  in  the  last  portions. 

f  The  bottom  of  a  broken  Florence  flask  answers  this  purpose  extremely 
well,  and  bears,  without  breaking,  the  heat  necessary  to  expel  the  sulphuric 
acid. 

t  Vol.  i.  page  76,  n. 
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(G)  If  magnesia  and  alumine  only  be  contained  in  a  solution  (the 
absence  of  lime  being  indicated  by  the  non-appearance  ot  a  pre- 
cipitate, on  adding  oxalate  of  ammonia),  the  two  earths  may  be 
separated  by  adding,  to  the  cold  solution,  the  carbonate  of  ammo-- 
nia.  This  will  separate  the  alumine,  which  may  be  collected,  wash- 
ed, and  dried.  To  ascertain  that  a  complete  separation  of  the  two 
earths  has  been  accomplished,  the  process  may  be  followed,  recom- 
mended by  Klapr-oth,  vol.  i.  page  418.*  The  magnesia,  remaining  in 
solution,  may  be  precipitated  by  carbonate  of  potash  ;  heat  being, 
applied,  to  expel  the  excess  of  carbonic  acid. 

Magnesia  and  alumine  may,  also,  be  separated  by  succinate  of  so- 
da, which  precipitates  the  latter  earth  only.f 

When  the  solution  of  magnesia,  of  alumine,  or  >of  both,  contains 
a  small  proportion  of  iron,  this  may  be  separated  fw*m  either  or  both 
of  the  earths  by  evaporating  to  dryness,  calcining  the  residue,  during 
one  hour,  in  a  low  red-heat,  and  dissolving  again  in  dilute  nitric 
acid,  which  does  not  take  up  iron  when  thus  oxydizccJ. 

(H)  The  insoluble  residue  (A)  may  contain  alumine,  silex,  and 
oxides  of  metals,  so  highly  charged  with 'oxygen  as  to  resist  the  ac- 
tion of  nitric  and  muriatic  acids. 

(a)  Add  concentrated  sulphuric  acid,  with  a  small  quantity  of 
potash,  and  evaporate  the  mixture  to  dryness,  in  the  vessel  describ- 
ed in  the  note,  page  612.  On  the  dry  mass  pour  afresh  portion  of 
the  acid  ;  boil  again  to  dryness,  and  let  this  be  done  repeatedly, 
three  or  four  times.  By  this  operation,  the  alumine  will  be  con- 
verted into  a  sulphate  of  alumine  and  potash,  which  will  be  easily 
soluble  in  warm  water  ;  and  from  the  solution,  crystals  of  alum  will 
shoot  on  evaporation. \  Let  the  sulphate  of  alumine  be  washed  off, 
and  the  insoluble  part  be  collected  and  dried.  The  alumine  may 
be  precipitated  by  carbonate  of  potash  ;  washed,  dried,  and  ignited  j 
and  its  weight  ascertained. 

During  the  evaporation  of  a  solution  of  alumine,  which  has  been 
separated  from  silex,  portions  of  the  latter  earth  continue  to  fall, 
even  to  the  last.§  These  must  be  collected,  and  washed  with  warm 
water;  the  collected  earth  added  to  the  portion  (6),  and  the  wash- 
ings to  the  solution  (a). 

Alumine  may  be  separated  from  oxide  of  iron  by  a  solution  of 
pure  potash. 

From  whatever  acid  alumine  is  precipitated  by  fixed  alkali,  it  is 
apt  to  retain  a  small  portion  of  the  precipitant.  To  ascertain  the 
true  quantity  of  this  earth,  it  must,  therefore,  be  re-dissolvcd  in 
acetous  acid,  again  precipitated  by  solution  of  pure  ammonia, 
dried,  and  ignited. 

(b)  The  oxides  (generally  of  iron  only)  may  be  separated  from 
the  silex  in  the  following  manner  : — Let  the  insoluble  part  (a)  be 

*  Analytical  Kssays.     C. 

t  Sec  section  1,  xvii.  of  the  chapter  on  Mineral  Waters. 

i  Khproth  procured  crystals  of  alum  from  one  fourth  of  a  grain  of  alumine 
The  quantity  of  alumine  he  estimates  at  one  tenth  the  weight  of  the  crystal- 
lized alum  which  is  obtained. 

§  See  Klaproth,  vol.  i.  pages  66  and  "1 
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heated  in  a  crucible  with  a  liitle  wax.  This  will  render  the  oxides 
soluble  in  diluted  sulphuric  acid,  and  the  silex  will  be  left  pure 
and  white.     Let  it  be  washed,  ignited,  and  its  weight  ascertained. 

2.  Stones  insoluble  in  diluted  nitric  and  muriatic  acids. 

These  stones  must  be  reduced  to  powder,  observing  the  cautions 
given  in  page  610. 

(I)  Let  100  grains,  or  any  other  determinate  quantity,  be  mixed 
with  three  times  their  weight  of  pure  and  dry  potash.  Put  the 
whole  into  a  crucible  of  pure  silver,  set  in  one  of  earthenware  of  a 
larger  size,  the  interstice  being  filled  with  sand ;  and  add  a  little 
water.*  The  crucible,  covered  with  a  lid,  must  then  be  gradually 
heated ;  and,  as  the  materials  swell  and  would  boil  over,  they  are 
to  be  stirred  constantly  with  a  rod  or  spatula  of  silver.  When  the 
moisture  is  dissipated,  and  the  mass  has  become  quite  dry,  raise 
the  heat  as  far  as  can  be  done  without  melting  the  crucible,  if  of 
silver,  and  continue  the  heat  during  half  an  hour,  or  an  hour. 

The  phenomena  that  occur  during  this  operation,  indicate,  in 
some  degree,  the  nature  of  the  mineral  under  examination.  If  the 
mixture  undergo  a  perfectly  liquid  fusion,  we  may  presume  that 
the  stone  contains  much  siliceous  earth  ;  if  it  remain  pasty  and 
opake,  the  other  earths  are  to  be  suspected  ;  and  lastly,  if  it  have 
the  form  of  a  dry  powder,  the  bulk  of  which  has  considerably  in- 
creased, it  is  a  sign  of  the  predominance  of  alumine. 

If  the  fused  mass  have  a  dark  green  or  brownish  colour,  the  pre- 
sence of  oxide  of  iron  is  announced  ;  a  bright  green  indicates  man- 
ganese, especially  if  the  colour  be  imparted  to  water ;  and  a 
yellowish  green  the  oxide  of  chrome. 

(a)  The  disintegration  of  stones,  consisting  chiefly  of  alumine, 
is  not  easily  effected,  however,  by  means  of  potash.  Mr.  Chenevix 
found  (Philosophical  Transactions,  1802)  that  minerals  of  this  class 
are  much  more  completely  decomposed  by  fusion  with  calcined  borax. 
One  part  of  the  mineral  to  be  examined,  reduced  to  very  fine  pow- 
der, and  mingled  with  2 %  or  three  times  its  weight  of  glass  of  bo- 
rax (see  chap,  xvi),  is  to  be  exposed  to  a  strong  heat  for  two  hours 
in  a  crucible  of  platina,  set  in  a  larger  earthen  one,  and  surrounded 
by  sand.  The  crucible  and  its  contents,  which  adhere  very  strongly 
to  it,  are  then  to  be  digested,  for  some  hours,  with  muriatic  acid, 
by  which  a  perfect  solution  will  be  accomplished.  The  whole  of 
the  earthy  part  is  then  to  be  precipitated  by  sub-carbonate  of  am- 
monia ;  and  the  precipitate,  after  being  well  washed,  is  to  be  re-dis- 
solved in  muriatic  acid.  By  this  means,  the  borax  is  separated. 
The  analysis  is  afterwards  to  be  conducted  nearly  in  the  manner 
which  will  presently  be  described. 

(K)  The  crucible,  being  removed  from  the  fire,  is  to  be  well 
cleaned  on  the  outside,  and  set,  with  its  contents,  in  a  porcelain  or 

*  Klaproth  effected  the  disintegration  of  corundum  (which  resisted  eleven 
successive  fusions  with  alkali)  by  adding  to  the  powdered  stone,  in  a  crucible, 
a  solution  of  pure  potash,  boiling  to  dryness,  and  pushing  the  mixture  to  fusion. 
The  alkali  must  be  perfectly  caustic,  and  must  have  been  purified  by  alcohol,  as 
recommended,  page  149.  A  platina  crucible  is  unfit  for  this  purpose,  as  it  is 
corroded  by  pure  alkalis. 
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glass  vessel,  filled  with  hot  water,  which  is  to  be  stirred  and  re- 
newed, occasionally,  till  the  whole  mass  is  detached.  The  water 
dissolves  a  considerable  part  of  the  compound  of  alumine  and  silex 
with  potash,  and  even  the  whole,  if  added  in  sufficient  quantity. 
During  cooling,  a  sediment  occasionally  forms,  in  the  filtered  li- 
quor, of  a  brownish  colour,  which  is  oxide  of  manganese.  (See 
Klaproih,i.  345,  b.) 

(L)  To  the  solution  (K),  and  the  mass  that  has  resisted  solu- 
tion, in  the  same  vessel,  add  muriatic  acid.  The  first  portions  of 
acid  will  throw  down  a  flocculent  sediment,  which  consists  of  the 
earths  that  were  held  dissolved  by  the  alkali.  Then  an  effer- 
vescence ensues  ;  and  a  precipitate  occurs,  which  is  no  sooner 
formed  than  it  is  dissolved.  Lastly,  the  portion  that  resisted  the 
action  of  water  is  taken  up,  silently  if  it  contain  alumine,  and  with 
effervescence  if  it  be  calcareous  earth. 

(M)  From  the  phenomena  attending  the  action  of  muriatic  acid, 
some  indications  may  be  derived.  If  the  solution  assume  a  pur- 
plish red  colour,  it  is  a  sign  of  oxide  of  manganese  ;  an  orange  red 
shows  iron  ;  and  a  gold  yellow  colour  betokens  chrome.  Freedom 
from  colour  proves,  that  the  stone  contains  no  metallic  ingre- 
dients. 

(N)  When  the  solution  is  complete,  it  is  to  be  evaporated  to  dry- 
ness in  a  glass  vessel ;  but,  if  any  thing  resist  solution,  it  must  be 
heated,  as  before  (I),  with  potash.  When  the  liquor  approaches 
to  dryness,  it  assumes  the  form  of  a  jelly,  and  must  then  be  dili- 
gently stirred  till  quite  dry. 

(O)  (a)  Let  the  dry  mass  be  digested,  in  a  gentle  heat,  with  three 
ov  four  pints,  or  even  more,  of  distilled  water,  and  filtered.  (6) 
Wash  what  remains  on  the  filter,  repeatedly,  till  the  washing 
ceases  to  precipitate  the  nitrate  of  silver,  and  add  the  washings  to 
the  filtered  liquor,  (c)  Let  the  residue  on  the  filter  be  dried  and 
ignited  in  a  crucible.  Its  weight  shows  the  quantity  of  silex.  If 
pure,  it  should  be  perfectly  white,  but  if  it  has  any  colour,  an  ad- 
mixture of  some  metallic  oxide  is  indicated.  From  this  it  may  be 
purified  by  digestion  in  muriatic  acid,  and  may  again  be  washed, 
ignited,  and  weighed. 

(P)  The  solution  (O),  which,  owing  to  the  addition  of  the  wash- 
ings, will  have  considerable  bulk,  is  next  to  be  evaporated,  till  less 
than  a  pint  remains  ;  carbonate  of  potash  must  then  be  added,  and 
the  liquor  must  be  heated  during  a  few  minutes.  Let  the  precipi- 
tate, occasioned  by  the  alkali,  subside  ;  decant  the  liquor  from 
above  it,  and  wash  the  sediment,  repeatedly,  with  warm  water.  Let 
it  then  be  put  on  a  filter  and  dried. 

(Q)  The  dried  powder  may  contain  alumine,  lime,  magnesia,  oa- 
rytes,  or  strontites  ;  besides  metallic  oxides,  which  may  be  sepa- 
rated from  each  other  by  the  rules  already  given. 

(R)  It  may  be  proper  to  examine  the  solution  {?)  alter  the  ad- 
dition of  carbonate  of  potash,  in  order  to  discover  whether  any  and 
what  acid  was  contained  in  the  stone. 

(a)  For  this  purpose,  let  the  excess  of  alkali  be  neutralized  by 
muriatic  acid,  and  the  liquor  filtered. 
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(b)  Add,  to  a  little  of  this  liquor,  a  solution  of  muriated  barytes. 
Should  a  copious  precipitate  ensue,  which  is  insoluble  in  dilute 
muriatic  acid,  the  presence  of  sulphuric  acid  is  detected.  And  if 
much  barytes,  strontites,  or  lime,  has  been  found  in  the  precipitate 
(Q),  wc  may  infer  the  presence  ot  a  sulphate  of  one  of  these  three 
earths. 

(c)  If,  on  mixing  the  liquid  (a)  with  the  solution  of  muriated  ba- 
rytes, a  precipitate  ensues  which  is  soluble,  without  effervescence, 
in  muriatic  acid,  the  phosphoric  acid  may  be  known  to  be  pre- 
sent ;  and,  if  lime  be  also  found,  the  phosphate  of  lime  is  indi- 
cated. 

(d)  To  a  portion  of  the  liquor  (a)  add  a  solution  of  muriate  of 
lime,  till  the  precipitate  if  any  ceases.  Collect  this  precipitate, 
wash  it,  dry  it,  and  pour  on  it  a  little  sulphuric  acid.  Should  acid 
fumes  arise,  the  fluoric  acid  may  be  suspected.  To  ascertain  its 
presence  decisively,  distil  a  portion  of  the  precipitate  with  half  its 
weight  of  sulphuric  acid.  The  fluoric  acid  will  be  known  by  its 
effects  on  the  retort,  and  by  the  properties  described,  chap.  xvii. 

(S)  The  method  of  separating,  from  each  other,  the  metallic 
oxides,  usually  found  as  the  colouring  ingredients  of  stones,  re- 
mains to  be  accomplished. 

(a)  Let  the  precipitate,  by  the  prussiate  of  potash  (D),  be  ex- 
posed to  a  red-heat,  by  which  the  prussic  acid  will  be  decomposed. 
The  oxides  thus  obtained,  if  insoluble  in  dilute  nitric  or  muriatic 
acid,  will  be  rendered  soluble,  by  again  calcining  them  with  the 
addition  of  a  little  wax  or  oil. 

(A)  Or  the  process  may  be  varied  by  omitting  the  precipitation 
by  prussiate  ot  potash,  and  proceeding  as  directed  (E),  page  612. 

The  oxides  will  remain  mixed  with  the  magnesia  and  lime,  and 
after  the  addition  of  sulphuric  acid,  will  be  held  in  solution  by  that 
acid,  along  with  magnesia  only. 

In  both  cases  the  same  method  of  proceeding  may  be  adopted; 
such  variation  only  being  necessary  as  is  occasioned  by  the  pre- 
sence of  magnesia  in  the  latter. 

(c)  To  the  solution  (a  or  A),  containing  several  metallic  oxides 
dissolved  by  an  acid,  add  a  solution  of  crystallized  carbonate  of 
potash,  as  long  as  any  precipitation  ensues.  This  will  separate 
the  oxides  of  iron,  chrome,  and  nickel ;  but  the  oxide  of  manga- 
nese and  the  magnesia,  if  any  be  present,  will  remain  dissolved. 

If  a  small  quantity  of  oxide  of  manganese  be  suspected  in  an 
oxide  of  iron,  it  may  be  detected  by  mixing  the  oxide  with  nitre, 
and  throwing  the  mixture  into  a  red-hot  crucible.  Manganese 
will  be  indicated  by  an  amethystine  red  tinge  in  the  solution  of 
this  nitre. 

To  separate  the  oxides  of  iron  and  manganese  from  each  other, 
Gehlen  recommends  succinic  acid,  which  is  preferred,  also,  by 
Klaproth  and  Bucholz.  Berzelius  employs  for  this  purpose  the 
compounds  of  benzoic  acid.  Dr.  John  advises  the  addition  of  oxa- 
late of  potash  to  the  solution  of  the  two  oxides,  first  rendered  as 
neutral  as  possible  ;  but  Bucholz  finds  that  this  process  is  imper- 
fect, and  that  the  oxalates  precipitate  manganese  as  well  as  iron 
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Mr.  Hatchett  has  lately  published  a  new  method  of  separating  iron 
from  manganese.  The  solution  of  the  ore,  made  by  muriatic  acid, 
and  nitrated,  must  be  diluted  with  three  or  four  pints  of  cold  dis- 
tilled water.  To  this  liquid,  pure  ammonia  must  be  gradually  add- 
ed, till  it  slightly  restores  the  blue  colour  of  reddened  litmus  paper. 
The  oxicic  of  iron  will  thus  be  separated,  and  will  remain  ou  the 
fikre  up'  ii  which  the  liquor  is  thrown  ;  and  the  oxide  of  manga- 
nes  pass  through   it,   in  a  state  of  solution.     The  oxide  of 

manganese  may  be  obtained  by  evaporation  to  dryness,  and  by  cal- 
cining in  a  heai  sufficient  to  expel  the  muriate  of  ammonia.* 

(d)  Magnesia  ., id  oxide  of  manganese  may  b<  pj  •  by  add- 
ing to  their  solution  (c)  the  hydro-sulphuret  of  potash,t  which  will 
throw  down  the  manganese,  but  not  the  magnesia.  The  precipi- 
tin (1  manganese  must  be  calcined  with  the  access  of  air  and 
weighed.  The  magnesia  may  afterward  be  separated  by  solution 
of  pure  potash  ;  and,  when  precipitated,  must  be  washed,  dried, 
and  calcined. 

(e)  The  oxide  of  chrome  may  be  separated  from  those  of  iron 
and  nickel,  by  repeatedly  boiling  the  three  to  dryness,  With  nitric 
acid.  This  will  acidity  the  chrome,  and  will  render  it  soluble  in 
pure  potash,  which  does  not  take  up  the  other  oxides.  Frpm  this 
combination  with  potash  the  chromic  oxide  may  be  J,  by 
adding  muriatic  acid,  and  evaporating  the  liquor  till  it  assumes  a 
green  colour,  Then,  on  adding  a  solution  Of  pure  potash,  the 
oxide  of  chrome  will  fall  down,  because  the  quantity  of  oxygen, 
required  lor  its  acidification,  has  been  separated  by  the  muriatic 
acid. 

(/)  The  oxides  of  iron  and  nickel  are  next  to  be  dissolved  in 
muriatic  acid  ;  and  to  the  solution  pure  liquid  ammonia  is  to  be 
added,  till  there  is  an  evident  excess  of  it.  The  oxide  of  iron  will 
he  precipitated,  and  must  be  dried  and  weighed.  If  highly  oxy- 
dized,  it  must,  before  weighing,  be  calcined  with  wax,  in  a  cruci- 
blc4  The  or  ide  of  nickel  remains  dissolved  by  the  excess  of  am- 
monia, to  which  it  imparts  a  blue  colour.  It  may  be  separated  by 
evaporating  the  solution  to  dryness  and  dissolving  the  salt.§ 

The  analysis  of  the  stone  is  now  completed,  and  its  accuracy  may 
he  judged  by  the  correspondence  of  the  weight  of  the  component 
parts  with  that  of  the  s'.oi.e  originally  submitted  to  experiment. 

It  may  be  proper  to  observe,  that  certain  stones,  which  are  not 
soluble  in  diluted  nitric  and  muriatic  acids,  may  be  decomposed  by 
an  easier  process  than  that  described   (A).     Among  these  are  the 


arc  all  found  native  in  the  earth,  and,  except  the  last,  are  all  insolu- 


*  Thomson's  Annals,  v.  343.  f  See  pasre  252.  _      _ 

Dr  Marcet  alleges  that  after  this  operation,  the  iron  still  remains  in  the 
state  of  peroxide,     (ieolog  Transact,  i. 

example  of  the  separation  of  nickel  from  iron,  see  klaproth,  vol.  i. 
p.  422 ;  where,  also,  and  page  428,  is  an  instance  of  the  testing  of  nickel  tor 
copper. 

4  I 
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ble  in  the  above-mentioned  acids.  They  may  be  known  generally  b\ 
their  external  characters.  The  compounds  of  baryies  and  strontites 
have  a  specific  gravity  greater  than  that  of  oilier  earths,  Inn  interior 
to  that  of  metallic  ores.  They  have,  frequently,  a  regular  or  crystal- 
lized form,  are  more  or  less  transparent,  have  some  lustre,  and  their 
hardness  is  such  as  does  not  prevent  their  yielding  to  the  knife.  Th'i 
combinations  of  lime,  with  the  above-mentioned  acids,  are  distin- 
guished by  similar  characters,  except  that  they  are  much  less 
heavy.  To  the  mineralogist,  the  outward  form  and  characters  ol 
these  stones  are  sufficient  indications  of  their  composition. 

Instead  of  the  fusion  with  alkali,  an  easier  process  may  be  re- 
commended. Let  the  mineral  under  examination  be  reduced  to 
powder,  and  be  digested,  in  nearly  a  boiling  heat,  during  one  or 
two  hours,  with  three  or  four  times  its  weight  of  carbonate  of  pot- 
ash, and  a  sufficient  quantity  of  distilled  water.  The  acid,  united 
with  the  earth,  will  quit  it  and  pass  to  the  potash,  while  the  carbo- 
nic acid  will  leave  the  alkali  and  combine  with  the  eartn.  W::  shall 
obtain,  therefore,  a  compound  of  the  acid  of  the  stone  with  potash, 
which  will  remain  in  solution,  while  the  carbonated  eartlu  will 
form  an  insoluble  precipitate.  The  solution  may  be  assayed  to  dis- 
cover the  nature  of  the  acid,  according  to  the  formula  (I);  and  the 
earths  may  be  separated  from  each  other  by  the  processes  (B),  &c. 

(T)  In  the  foregoing  rules  for  analysis  I  have  omitted  the  mode 
of  detecting  and  separating  glucine,  because  this  earth  is  of  very 
rare  occurence.  When  alumine  and  glucine  are  present  in  a  mi- 
neral, they  may  be  separated  from  the  precipitate  (E.  a)  by  pure 
potash,  which  dissolves  both  these  earths.  A  sufficient  quantity  of 
acid  is  then  to  be  added  to  saturate  the  alkali ;  and  carbonate  of 
ammonia  is  to  be  poured  in  till  a  considerable  excess  of  this  car- 
bonate is  manifested  by  the  smell.  The  alumine  is  thus  separated, 
but  the  glucine,  being  soluble  in  the  carbonate  of  ammonia,  re- 
mains dissolved,  and  may  be   precipitated  by  boiling  the  solution. 

(U)  Zircon  may  be  separated  from  alumine,  by  boiling  the  mix- 
ed earths  with  pure  soda,  which  acts  only  on  the  latter.*  From 
un  acid  solution  containing  both  earths,  the  alumine  is  thrown 
down  by  saturated  carbonate  of  potash,  which,  when  added  in  ex- 
cess, re-dissolves  the  zircon.  Glucine  and  zircon,  or  glucine  and 
yttria,  may  be  separated,  when  mixed  together  in  solution,  by  prus- 
siate  of  potash,  which  has  no  action  on  glucine,  but  precipitates 
the  two  other  earths. 

(V)  To  separate  yttria  from  alumine,  precipitate  them  from  a 
solution  containing  both  earths,  by  pure  ammonia  ;  boil  the  preci- 
tate  in  a  solution  of  pure  soda,  which  chiefly  takes  up  alumine; 
neutralize  the  solution  with  sulphuric  acid,  and  add  carbonate  of 
soda  to  the  solution,  brought  to  the  boiling  temperature.  A  pre- 
cipitate will  ensue,  consisting  of  alumine,  with  some  yttria.  To 
separate  the  latter  earth,  dissolve  in  muriatic  acid,  and  add  an  ex- 
cess of  carbonate  of  ammonia,  which  takes  up  only  the  yttria.  To 
ensure,  still  farther,  the  purity  of  the  alumine,  dissolve  the  resi- 

•  Klaproth,  vol.  ii.  page  213. 
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due  in  an  excess  of  sulphuric  acid  :  add  a  small  portion  of  sul- 
phate of  potash,  and  crystallize  the  solution.  The  crystals  of  alum, 
that  are  produced,  contain  one  tenth  of  alumine. 

(W)  The  presence  of  potash  (which  has  lately  been  discovered 
in  some  stones)  may  be  detected  by  boiling  the  powdered  mineral, 
repeatedly  to  dryness,  with  strong  sulphuric  acid.  Wash  the  dry 
mass  with  water,  add  a  little  excess  of  acid,  and  evaporate  the  solu- 
tion to  a  smaller  bulk.  If  crystals  of  alum  should  appear,  it  is  a 
decisive  proof  of  potash,  because  this  salt  can  never  be  obtained, 
in  a  crystallized  torm,  without  the  addition  of  the  vegetable  alkali. 

But  since  a  mineral  may  contain  potash,  and  little  or  no  alumine, 
in  which  case  no  crystals  of  alum  will  appear,  it  may  be  necessary, 
in  the  latter  case,  to  add  a  little  alumine  along  with  the  sulphuric 
acid.  Or  the  stone  may  be  so  hard  as  to  resist  the  action  of  sul- 
phuric acid  ;  and  it  will  then  be  necessary  to  fuse  it  (in  the  man- 
ner directed  (I)  with  soda,  which  has  also  a  solvent  power  over 
alumine  and  silex.  The  lused  mass  is  to  be  dissolved  in  water, 
and  supersaturated  with  sulphuric  acid  Evaporate  to  dryness,  re- 
dissolve  in  water;  and  filter,  to  separate  the  silex.  Evaporate  the 
solution,  which  will  first  afford  crystals  of  sulphate  of  soda,  and 
afterwards  of  sulphate  of  potash,  should  the  latter  alkali  be  contain- 
ed in  the  mineral. 

Klaproth  first  discovered  potash  in  leucite,  on  summing  up  the 
results  of  its  analysis,  which  gave  a  considerable  loss  of  weight. 
By  boiling  the  stone  with  diluted  muriatic  acid,  and  evaporation,  he 
obtained  crystals  of  muriate  of  potash.  Another  proof  of  the  pre- 
sence ot  potash  was,  that,  when  sulphuric  acid  w.s  boiled  with  it, 
the  solution  gave  crystals  of  alum,  to  which  potash  is  essential.  He 
also  boiled  the  stone  with  muriatic  acid,  and,  alter  dissolving  the 
muriate  of  alumine  by  alcohol,  muriate  of  potash  remained.  The 
volcanic  leucite  contained  less  potash  than  other  kinds.  The  same 
alkali  he  also  detected,  afterwards,  in  lepidolito. 

The  potash,  contained  in  sulphate  of  alumine,  may  be  separated 
from  the  earth  by  adding  a  solution  of  pure  barytas  as  long  as  any 
precipitation  is  produced.  The  alumine  and  sulphate  of  barytes 
will  fall  down  together,  and  the  potash  will  remain  in  solution.  Its 
presence  may  be  known  by  the  tests,  enumerated  in  the  first  chap- 
ter of  part  ii    (sect.  2.) 

X  Soda  may  be  detected  in  a  mineral  by  the  following  experi- 
ments :  —Let  the  powdered  stone  be  treated  with  sulphuric  acid, 
as  in  (U);  wash  off  the  solution,  and  add  pure  ammonia,  till  the 
precipitation  ceases;  then  filter,  evaporate  the  solution  to  dryness, 
and  raise  the  heat  so  as  to  expel  the  sulph  tte  of  ammonia.  The 
sulphate  of  soda  will  remain,  and  may  be  known  by  the  characters, 
page  236. 

Soda  was  first  found,  by  Klaproth,  in  chryolitc,  in  the  Urge  pro- 
portion of  36  per  cent.  This  analysis  was  confirmed  by  Vauquelin, 
whose  mode  of  separating  it  happens  to  be  the  one  I  now  recom- 
mend. Both  the  fix,  d  alkalis  h?ve  since  been  frequently  discover- 
ed in  native  minerals;  viz.  soda  in  basalt  (Klaproth,  ii.  195);  in 
pitch-stone  (207);   and   in   kling-stonc,  amounting  to  8  per  cent. 
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(182.)     The   same   skilful  analyst  has  found  potash  in  Hungarian 
pearl-stone  (263) ;  and,  accompanied  by  soda,  in  pumice  (20). 

A  new  method  has  been  proposed  by  Sir  H.  Davy,*  for  analyzing 
stones,  containing  either  of  the  fixed  alkalis  ;  viz.  by  means  of  the 
boracic  acid.  The  process  is  sufficiently  simple.  One  hundred 
grains  of  the  stone, to  be  examined  must  be  fused,  during  half  an 
hour,  at  a  strong  red-heat,  with  200  grains  of  boracic  acid.  An 
ounce  and  a  half  of  nitric  acid,  diluted  with  seven  or  eight  parts  of 
water,  must  be  digested  on  the  mass,  till  the  whole  has  been  de- 
composed. The  fluid  must  be  evaporated,  till  its  quantity  is  re- 
duced to  an  ounce  and  half,  or  two  ounces. 

If  the  stone  contain  silex,  this  earth  will  be  separated  in  the 
process  of  solution  and  evaporation.  It  must  be  collected  on  a 
filter,  and  washed  well  with  water,  till  the  boracic  acid,  and  all  the 
saline  matter  are  separated.  The  fluid,  and  all  that  has  passed 
through  the  filter,  must  be  evaporated  to  about  half  a  pint;  then 
saturated  with  carbonate  of  ammonia  ;  and  boiled  with  an  excess 
of  thai  salt,  till  all  the  materials  that  it  contains,  capable  of  being 
precipitated,  have  fallen  to  the  bottom  of  the  vessel.  The  solution 
must  then  be  passed  through  a  filter,  which  retains  the  earths  and 
metallic  oxides.  It  must  then  be  mixed  with  nitric  acid,  till  it 
tastes  strongly  sour,  and  evaporated  till  the  boracic  acid  appears 
free.  The  fluid  must  next  be  evaporated  to  dryness;  when  by 
exposure  to  a  heat  of  450°  Fahrenheit,  the  nitrate  of  ammonia 
will  be  decomposed,  and  the  nitrate  of  potash  or  soda  will  remain 
in  the  vessel. 

•  The  remaining  earths  and  metallic  oxides  are  separated  from 
each  other  by  common  processes;  viz.  alumine  by  solution  of 
potash  ;  lime  by  sulphuric  acid  ;  oxide  of  iron  by  succinate  of  am- 
monia ;  oxide  of  manganese  by  hydrosulphuret  of  potash  ;  and  mag- 
nesia by  pure  soda. 

2.  Table  of  Substances  which  may  be  ex/iected  in  Earths  and 
Stones,  and  references  to  the  means  of  separating  them  from  each 
other. 

Acid,  fluoric,  R.  d. 

phosphoric,  R.  c. 
sulphuric,  R.  b. 
Alumine  from  lime  and  magnesia,  E. 
its  quantity,  E.  c. 
from  magnesia,  G. 
silex,  H.  a. 
metallic  oxides,  H.  a. 
*  glucine,  T. 

Barytes  and  Strontites  from  other  earths,  B. 
from  strontites,  C. 

"  Philosophical  Transactions,  1805 ;  qr  Nicholson's  Journal,  siii.  86. 
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Chrome  from  manganese,  &c.  S.  c. 
iron  and  nickel,  S.  e. 
Earths  from  oxides,  D. 
Glucine  from  alumine,  T. 
Iron  from  manganese,  S.  e. 

nickel,  S.f. 
Lime  from  magnesia,  F. 
alumine,  E.  b. 
its  quantity,  F. 
Magnesia  trom  lime,  F. 

alumine,  G. 
manganese,  S.  d. 
its  quantity,  F. 
Manganese,  indications  of,  M. 

from  iron,  chrome,  and  nickel,  S.  c . 
magnesia,  S.  d. 
Xickel  from  manganese,  S.  c. 

ir#h,  S./. 
Oxides,  metallic,  from  earths,  D. 
Potash  from  earths  and  oxides,  W. 
Silex  from  alumine,  H.  a. 

earths  in  general,  O.  c. 
oxides,  H.  b. 
Soda  from  earths  and  oxides,  X. 
Strontites,  see  Barytes. 
Yttria  from  alumine,  &c.  V. 
Zircon  from  alumine,  S<c.  U. 


SECTION  V\ 

Analysis  of  Inflammable  Fossils. 

The  exact  analysis  of  inflammable  fossils  is  seldom  necessary 
in  directing  the  most  beneficial  application  of  them.  It  may  be 
proper,  however,  to  offer  a  few  general  rules  for  judging  of  their 
purity. 

I. — Sulfihur. 

-  m 

Sulphur  should  be  entirely  volatilized  by  distillation  in  a  glass 
retort.  If  any  thing  remain  fixed,  it  mui.t  be  considered  as  an  im- 
purity, and  may  be  examined  by  tin.  preceding  rules. 

Sulphur,  also,  should  be  totally  dissolved  by  boiling  with  solution 
of  pure  potash,  and  may  be  separated  from  its  impurities  by  this 
alkali. 

Impure  sulphur,  consumed  by  burning  in  a  small  crucible,  leaves 
a  residue  of  oxide  of  iron  and  silex. 
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II. — Coals. 

1.  The  proportion  of  bituminous  matter  in  coal  may  be  learnt 
by  distillation,  in  an  earthen  retort,  and  collecting  their  product. 

2.  The  proportion  of  earthy  or  metallic  ingredients  may  be 
found,  by  burning  the  coal  with  access  of  air,  on  a  red-hot  iron. 
What  remains  unconsumed  must  be  considered  as  an  impurity,  and 
may  be  analyzed  by  the  foregoing  rules. 

3.  The  proportion  of  carbon  may  be  ascertained  by  observing 
the  quantity  of  nitrate  of  potash  which  a  given  weight  of  the  coal 
is  capable  of  decomposing.  For  this  purpose,  let  500  grains,  or 
more,  of  perfectly  pure  nitre  be  melted  in  a  crucible,  and,  when 
red-hot,  let  the  coal  to  be  examined,  reduced  to  a  coarse  powder, 
be  projected  on  the  nitre,  by  small  portions  at  once,  not  exceeding 
one  or  two  grains.  Immediately,  when  the  flame,  occasioned  by 
one  projection,  has  ceased,  let  another  be  made,  and  so  on  till  the 
effect  ceases.  The  proportion  of  carbon  in  the  coal  is  directly 
proportionate  to  the  quantity  required  to  alkalize^he  nitre.  Thus, 
since  12.709  of  carbon  are  required  to  alkalize  100  of  nitre,  it  will 
be  easy  to  deduce  the  quantity  of  carbon,  in  a  given  weight  of  coal, 
from  the  quantity  of  nitre  which  it  is  capable  of  decomposing.  This 
method,  however,  is  liable  to  several  objections,  which  iis  inventor, 
Mr.  Kirwan,  seems  fully  aware  of.* 

Plumbago,  or  black-lead,  is  another  inflammable  substance, which 
it  may  sometimes  be  highly  useful  to  be  able  to  identify,  and  to 
judge  of  its  purity — When  projected  on  red-hot  nitre,  it  should 
detonate  ;  and,  on  dissolving  the  decomposed  nitre,  an  oxide  of  iron 
should  remain,  amounting  to  one  tenth  its  weight  of  plumbago. 
Any  mineral,  therefore,  that  answers  to  these  characters,  and  leaves 
a  shining  trace  on  paper,  like  that  of  the  black-lead  pencils,  is  plum- 
bago. 


SECTION  VI. 

Anahjsis  of  Metallic  Ores. 

The  class  of  metals  comprehends  so  great  a  number  of  indivi- 
duals, that  it  is  almost  impossible  to  offer  a  comprehensive  formula 
for  the  analysis  of  ores.  Ores  of  the  same  metal,  also,  as  the  mine- 
ralizing ingredients  vary,  require  very  different  treatment.  Yet 
some  general  directions  are  absolutely  necessary,  to  enable  the 
naturalist  to  judge  of  the  composition  of  bodies  of  this  class. 

The  ores  of  metals  may  be  analyzed  in  two  modes,  in  the  humid 
and  the  dry  way.  The  first  is  effected  with  the  aid  of  acids  and  of 
other  liquid  agents,  and  may  often  be  accomplished  by  persons  who 
are  prevented  by  the  want  of  furnaces,  and  other  necessary  appara- 

*  See  his  Elements  of  Mineralogy,  vol.  ii.  page  514. 
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tus,  from  attempting  the  second.  If  sulphur,  however,  be  present 
in  an  ore,  which  may  be  generally  known  by  iis  external  characters, 
as  described  by  inineralogical  writers,  it  impedes  the  action  oi  acids; 
and  should  be  separated,  either  by  roasting  the  ore  on  a  muffle,  or 
by  projecting  it,  mixed  with  twice  or  thrice  its  weight  of  nure, 
into  a  red-hot  crucible,  washing  off  the  alkali  afterwards  by  hot 
water. 

It  is  hardly  possible  to  employ  a  solvent,  capable  of  taking  up  all 
the  metals.  Thus,  the  nitric  acid  does  not  act  on  gold  or  platitia  ; 
ami  the  nitro-muriatic,  which  dissolves  these  metals,  hah  no  solvent 
action  on  silver.  It  will  be  necessary,  therefore,  to  vary  the  solvent 
according  to  the  nature  of  the  ore  f.der  examination. 

1.  For  ores  of  gold  and  Jilatina,  the  nitro-muriatic  acid  is  the  most 
proper  solvent.  A  given  weight  of  the  ore  may  be  digested  with  this 
acid,  as  long  as  it  extracts  any  thing.  The  solution  may  be  evaporat- 
ed to  dryness,  in  order  to  expel  the  excess  of  acid,  and  dissolved  in 
water.  The  addition  of  a  solution  of  muriate  of  tin  will  show  the  pre- 
sence of  gold  by  a  purple  precipitate  ;  and  platma  will  be  indicated 
by  a  precipitate,  on  adding  a  solution  of  muriate  of  ammonia.  When 
gold  and  plalina  are  both  contained  in  the  same  solution,  they  may 
be  separated  from  each  other  by  the  last-mentioned  solution,  which 
throws  down  the  platina  but  not  the  gold.  In  this  way  platina  may 
be  detached,  also,  from  other  metals. 

When  gold  is  contained  in  a  solution,  along  with  several  other 
metals,  it  may  be  separated  from  most  of  them  by  adding  a  dilute 
solution  of  sulphate  of  iron.  The  only  metals,  which  this  salt  pre- 
cipitates, are  gold,  palladium,  silver,  and  mercury. 

2.  For  extracting  silver  from  its  ores,  the  nitric  acid  is  the  most 
proper  solvent.  Nitric  acid,  however,  does  not  act  on  horn-silver 
ore,  which  must  be  decomposed  by  carbonate  of  soda.  The  silver 
may  be  precipitated  from  nitric  acid  by  muriate  of  sdda  (common 
salt).  Every  100  parts  of  the  precipitate  contain  75  of  silver.  But, 
as  lead  may  be  present  in  the  solution,  and  this  metal  is  also  preci- 
pitated by  muriate  of  soda,  it  may  be  proper  to  immerse  in  the  so- 
lution (which  should  not  have  any  excess  of  acid)  a  polished  plate 
of  copper.  This  will  precipitate  the  silver,  if  present,  in  a  metal- 
lic form.  The  muriate  of  silver  is  also  soluble  in  liquid  ammonia, 
which  that  of  lead  is  not.  For  examples  of  the  analysis  of  silver 
ores,  the  reader  may  consult  Klaproth,  vol.  i.  page  554,  &c. 

3.  Copper  ores  may  be  analyzed  by  boiling  them  with  five  times 
their  weight  of  concentrated  sulphuric  acid,  till  a  dry  mass  is  ob- 
tained, from  which  water  will  extract  the  sulphate  of  copper.  This 
salt  is  to  he  decomposed  by  a  polished  plate  of  iron,  immersed  in 
a  dilute  solution  of  it.  The  copper  will  be  precipitated  in  a  metal- 
lic state,  and  may  be  scraped  off  and  weighed. 

II  silver  be  suspected  along  with  copper,  nitrous  acid  must  be 
employed  as  the  solvent ;  and  a  plate  of  polished  copper  will  detect 
the  silver. 

The  reader  who  engages  in  the  analysis  of  copper  ores,  will  de- 
rive much  advantage  from  the  examples  to  be  found  in  Klaproth's 
Essays,  vol.  i.  pages  54,  541,  &c. ;  and  also  from  Mr.  Chenevix's 
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paper  on  the  analysis  of  arseniates  of  copper  ond  iron,  Philosophi- 
cal Transactions,  1801,  or  Nicholson's  Journal,  8vo.  vol.  1.;  and 
from  Vauquelin's  remarks  in  Thomson's  Annals,  iv.  157. 

4.  Iron  ores  may  be  dissolved  in  dilute  muriatic  acid,  or,  if  the 
metal  be  too  highly  oxydized  to  be  dissolved  by  this  acid,  they  must 
be  previously  mixed  with  one  eighth  of  their  weight  of  powdered 
charcoal,  and  calcined  in  a  crucible  for  one  hour.  The  iron  is  thus 
rendered  soluble. 

The  solution  must  then  be  diluted  with  10  or  12  times  its  quan- 
tity of  water,  previously  well  boiled,  to  expel  the  air,  and  must  be 
preserved  in  a  well-stopped  glass  bottle  for  six  or  eight  days.  The 
phosphate  of  iron  will,  within  that  time,  be  precipitated,  if  any  be 
present,  and  the  liquor  must  be  decanted  off. 

The  solution  may  contain  the  oxides  of  iron,  manganese,  and 
zinc.  It  may  be  precipitated  by  carbonate  of  soda,  which  will  se- 
parate them  all.  The  oxide  of  zinc  will  be  taken  up  by  a  solution 
of  pure  ammonia  ;  distilled  vinegar  will  take  up  the  manganese, 
and  will  leave  the  oxide  of  iron.  From  the  weight  of  this,  after 
ignition,  during  a  quarter  of  an  hour,  28  per  cent,  may  he  deducted. 
The  remainder  shows  the  quantity  of  iron. 

5.  Tin  ores.  To  that  most  accomplished  analyst,  Klaproth,  we 
owe  the  discovery  of  a  simple  and  effectual  mode  of  analysing  tin 
ores  in  the  humid  way. 

Boil  100  grains,  in  a  silver  vessel,  with  a  solution  of  600  grains 
of  pure  potash.  Evaporate  to  dryness,  and  then  ignite,  moderate- 
ly, for  half  an  hour.  Add  boiling  water,  and,  if  any  portion  remain 
undissolved,  let  it  undergo  a  similar  treatment 

Saturate  the  alkaline  solution  with  muriatic  acid,  which  will 
throw  down  an  oxide  of  tin.  Let  this  be  re-dissolved  by  an  excess 
of  muriatic  acid  ;  again  precipitated  by  carbonate  of  soda;  and,  be- 
ing dried  and  weighed,  let  it,  after  lixiviation,  be  once  more  dis- 
solved in  muriatic  acid.  The  insoluble  part  consists  of  silex.  Into 
the  colourless  solution,  diluted  with  two  or  three  parts  of  water, 
put  a  stick  of  zinc,  round  which  the  reduced  tin  will  collect. 
Scrape  off  the  deposit,  wash,  dry,  and  fuse  it  under  a  cover  of  tal- 
low in  a  capsule  placed  on  charcoal.  A  button  of  pure  metallic  tin 
will  remain  at  the  bottom,  the  weight  of  which,  deducted  from  that 
of  the  ore,  indicates  the  proportion  of  oxygen. 

The  presence  of  tin  in  an  ore  is  indicated  by  a  purple  precipi- 
tate, on  mixing  its  solution  in  muriatic  acid  with  one  of  gold  in 
nilro-muriatic  acid. 

6.  Lead  ores  may  be  analyzed  by  solution  in  nitric  acid,  diluted 
with  an  equal  weight  of  water.  The  sulphur,  if  any,  will  remain 
undissolved.  Let  the  solution  be  precipitated  by  carbonate  of  soda. 
If  any  silver  be  present,  it  will  be  taken  up  by  pure  liquid  ammo- 
nia. Wash  off  the  excess  of  ammonia  by  distilled  water;  and  add 
concentrated  sulphuric  acid,  applying  heat,  so  that  the  muriatic 
acid  may  be  wholly  expelled.  Weigh  the  sulphate  of  lead,  and, 
after  deducting  70  fter  cent.,  the  remainder  shows  the  quantity  of 
lead. 

Muriate  of  lead  may  also  be  separated  from  muriate  of  silver  by 
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its  greater  solubility  in  warm  water.  From  the  solution,  iron  may- 
be separated  by  prussiate  of  potash,  and  the  solution  decomposed 
by  sulphuric  acid. 

7.  Mercury  may  be  detected  in  ores  that  are  supposed  to  con- 
tain it,  by  distillation  in  an  earthen  retort  with  half  their  weight  of 
iron  filings  or  lime.  The  mercury,  if  any  be  present,  will  rise  and 
be  condensed  in  ihe  receiver. 

8.  Ores  of  zinc  may  be  digested  with  the  nitric  acid,  and  the  part 
that  is  dissolved  boiled  to  dryness,  again  dissolved  in  the  acid,  and 
again  evaporated.  By  this  means  the  iron,  if  any  be  present,  will 
be  rendered  insoluble  in  dilute  nitric  acid,  which  will  take  up  the 
oxide  of  zirlr.  To  this  solution  add  pure  liquid  ammonia,  in  excess, 
which  will  separate  the  lead  and  iron,  if  any  should  have  been  dis- 
solved ;  and  the  excess  of  alkali  will  retain  the  oxide  of  zinc.  This 
may  be  separated  by  the  addition  of  an  acid,  or  by  the  evaporation 
of  the  solvent. 

9.  Amimonial  ores.  Dissolve  a  given  weight,  in  three  or  four 
parts  of  muriatic  and  one  of  nitric  acid.  This  will  take  up  the  an- 
timony, and  leave  the  sulphur,  if  any.  On  dilution  with  water,  the 
oxide  of  antimony  is  precipitated,  and  the  iron  and  mercury  remain 
dibsolved.     Lead  may  be  detected  by  sulphuric  acid.* 

10.  Ores  of  arsenic  may  be  digested  with  nitro-muriatic  acid, 
composed  of  one  part  nitric,  and  one  and  a  half  or  two  of  muriatic 
acid.  Evaporate  the  solution  to  one  fourth,  and  add  water,  which 
v.  ill  precipitate  the  arsenic.  The  iron  may  afterwards  be  separat- 
ed by  ammonia. t 

11.  Ores  of  bismuth  are  also  assayed  by  digestion  in  nitric  acid 
moderately  diluted.  The  addition  of  water  precipitates  the  oxide, 
and,ifnoi  wholly  separated  at  first,  evaporate  the  solution;  after 
which,  a  farther  addition  of  water  will  precipitate  the  remainder.^ 

12.  Ores  of  cobalt  may  be  dissolved  in  nitro-muriatic  acid.  Then 
add  carbonate  of  potash,  which  at  first  separates  iron  and  arsenic. 
Filler,  and  add  a  farther  quantity  of  the  carbonate,  when  a  greyish 
red  precipitate  will  fall  down,  which  is  oxide  of  cobalt.  The  iron 
and  arsenic  may  be  separated  by  heat,  which  volatilizes  the  arsenic. 
Cobalt  is  also  ascertained,  if  the  solution  of  an  ore  in  muriatic  acid 
give  a  sympathetic  ink.§ 

13.  Ores  of  nickel.  Dissolve  them  in  nitric  acid,  and  add  to  the 
solution  pure  ammonia,  in  such  proportion  that  the  alkali  may  be 
considerably  in  excess.  This  will  precipitate  other  metals,  and 
will  retain  the  oxide  of  nickel  in  solution,  which  may  be  obtained  by 
evaporation  to  dryness,  and  heating  the  dry  mass  till  the  nitrate  of 
ammonia  has  sublimed. 

14.  Ores  of  manganese.     The  earths,  and  several  of  the  metals, 

*  See  Klaproth  on  the  Analysis  of  Antimoniated  Silver  Ore,  vol.  i.  page  560. 
t  See  Chenevix,  Philosophical  Transactions,  1801,  page  215. 

*  See  Analysis  of  an  Ore  of  Bismuth  and  Silver,  in  Klaproth,  vol.  i.  page  554  ; 
Mode  of  detecting  a  small  Quantity  of  Silver  in  Bismuth,  page  220.  c. 

§  See  chap,  xix  sect.  17.— An  example  of  the  analysis  of  an  ore  of  cobalt 
may  be  seen  in  Klaproth,  vol.  i.  page  564;  and  of  sulphate  of  cobalt,  page  579. 
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contained  in  these  ores,  may  first  be  separated  by  diluted  nitric 
acid,  which  does  not  acton  highly  oxydized  manganese.  The  ore 
may  afterwards  be  digested  with  strong  muriatic  acid,  which  will 
take  up  the  oxide  of  manganese.  Oxygenized  muriatic  acid  will 
arise,  if  a  gentle  heat  be  applied,  and  may  be  known  by  its  pecu- 
liar smell,  and  by  its  discharging  the  colour  of  wet  litmus  paper 
exposed  to  the  fumes.  From  muriadc  acid  the  manganese  is  pre- 
cipitated by  carbonate  of  soda,  in  the  form  of  a  white  oxide,  which 
becomes  black,  when  heated  in  a  crucible.  Ores,  suspected  to  con- 
tain manganese,  may  also  be  distilled  fier  se,  or  with  sulphuric  acid, 
when  oxygen  gas  will  be  obtained.  Oxide  of  manganese  may  be 
separated  from  oxide  of  iron  by  solution  of  pure  potash,  wnich 
takes  up  the  former  but  not  the  latter.* 

Ores  of  manganese  may  also  be  distinguished  by  the  colour  they 
impart  to  borax,  when  exposed  together  to  the  blow-pipe.t 

15.  Ores  of  uranium.  These  may  be  dissolved  in  dilute  nitric 
acid,  which  takes  up  the  uraniic  oxide,  and  leaves  that  of  iron ; 
or  in  dilute  sulphuric  acid,  which  makes  the  same  election  ;  or,  if 
any  iron  has  got  into  the  solution,  it  may  be  precipitated  by  zinc. 
Then  add  caustic  potash,  which  throws  down  the  oxide  of  zinc  and 
uranium.  The  former  may  be  separated  by  digestion  in  pure  am- 
monia, which  leaves,  undissolved,  the  oxide  of  uranium  This, 
when  dissolved  by  dilute  sulphuric  acid,  affords,  on  evaporation, 
crystals  of  a  lemon  yellow  colour. 

If  copper  be  present,  it  will  be  dissolved,  along  with  the  zinc,  by 
the  ammonia.  If  lead,  it  will  form,  with  sulphuric  acid,  a  salt 
much  less  soluble  than  the  sulphate  of  uranium,  and  which,  on  eva- 
poration, will  therefore  separate  first. 

16.  Ores  of  tungsten.  For  these  the  most  proper  treatment 
seems  to  be  digestion  in  nitro-muriatic  acid,  which  takes  up  the 
earths  and  other  metals.  The  tungsten  remains  in  the  form  of  a 
yellow  oxide,  distinguishable,  by  its  becoming  white  on  the  addi- 
tion of  liquid  ammonia,  from  the  oxide  of  uranium.  To  reduce  this 
oxide  to  tungsten,  mix  it  with  an  equal  weight  of  dried  blood,  heat 
the  mixture  to  redness,  press  it  into  another  crucible,  which 
should  be  nearly  full,  and  apply  a  violent  heat  for  an  hour  at  least 

17.  Ores  of  molybdena.  Repeated  distillation  to  dryness,  with 
nitric  acid,  converts  the  oxide  into  an  acid,  which  is  insoluble  in 
nitric  acid,  and  may  thus  be  separated  from  other  metals,  except 
iron,  from  which  it  may  be  dissolved  by  sulphuric  or  muriatic  acids. 
The  solution  in  sulphuric  acid  is  blue,  when  cold,  but  colourless, 
when  heated..  That  in  muriatic  acid  is  only  blue,  when  the  acid 
is  heated  and  concentrated.*. 

Respecting-  the  ores  of  the  remaining  metals,  sufficient  informa- 
tion has  been   already  given  for  the  purposes  of  the  general  stu- 

*  See  the  analysis  of  an  ore  of  manganese,  via  humidd,  in  Klaproth,  vol.  i.  pas'" 
510 ;  and  of  a  cobaltic  ore  of  manganese,  page  569. 

\  See  chap.  xix.  sect.  18,  and  also  Thomson's  Annals,  iii.  312. 

*  See  Hatchett's  Analysis  of  the  Carinthian  MoIvbdateof'Lead,  Philosophical 
Transactions,  1796  ;  and  Klaproth,  vol.  i.  pages  534,  538. 
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dent,  in  part  i.  chap.  xix.  of  this  work  ;  and  they  are  of  such  rare 
occurrence,  that  it  is  unnecessary  to  describe  them  more  in  detail.  It 
may  be  proper,  however,  to  state  where  the  best  examples  of  the 
analysis  of  each  may  be  found. 

18.  Ores  of  titanium.  Consult  Gregor,  in  Journ.  de  Physique, 
xxxix.  72.  152  ;  Klaproth,  i.  496;  and  Chenevix,  Nicholson's  Jour- 
nal, v.  1 32. 

19.  Ores  of  tellurium.  See  Klaproth,  ii.  1. 

20.  Ores  of  tantalium.     Ann.  de  Chim.  xliii.  276. 

21.  Ores  of  chromium.     Vauqueiin,  Ann.  de  Chim.  xxv. 

22.  Ores  of  eolumbium.     Hatchett,  Phil.  Trans.  1802. 

23.  Ores  of  palladium  a?id  rhodium.  VVollaston,  Phil.  Trans. 
1805. 

24.  Ores  vf  iridium  and  osmium.     Tennant,  Phil.  Trans.  1804. 

25.  Ores  of  cerium.  Hisenger  and  Berzelius,  and  Vauquelin, 
Nicholson's  Journal,  xii. 


SECTION  VII. 

Analysis  of  Ores  in  the  dry   Way. 

To  analyze  ores  in  the  dry  way,  a  method  which  affords  the  most 
satisfactory  evidence  of  their  composition,  and  should  always  pre- 
cede the  working  of  large  and  extensive  strata,  a  more  complicat- 
ed apparatus  is  required. — An  assaying  furnace,  with  muffles,  cru- 
cibles, etc.  are  absolutely  necessary.  These  have  already  been 
enumerated  in  the  chapter  on  Apparatus,  and  will  be  found  de- 
scribed in  the  Explanation  of  the  Plates.  Much  useful  informa- 
tion respecting  the  composition  of  minerals  may,  also,  be  gained 
from  experiments  with  the  blow-pipe.  The  most  ample  directions 
lor  assays  of  this  kind  are  given  in  a  Memoir  by  Haussman,  in 
the  43d  volume  of  the  Philosophical  Magazine. 

The  reduction  of  an  ore  requires,  frequently,  previously  roasting, 
to  expel  the  sulphur  and  other  volatile  ingredients:  or  this  may 
be  effected,  by  mixing  the  powdered  ore  with  nitre,  and  projecting 
the  mixture  into  a  crucible.  The  sulphate  of  potash,  thus  formed, 
may  be  washed  off,  and  the  oxide  must  be  reserved  for  subsequent 
experiments. 

As  many  of  the  metals  retain  their  oxygen  so  forcibly,  that  the 
application  of  heat  is  incapable  of  expelling  it,  the  addition  of  in- 
flammable matter  becomes  expedient.  And,  to  enable  the  reduced 
particles  of  metal  to  agglutinate  and  form  a  collected  mass,  instead 
of  scattered  grains,  which  would  otherwise  happen,  some  fusible 
ingredient  must  be  added,  through  which,  when  in  fusion,  the  re- 
duced metal  may  descend,  and  be  collected  at  the  bottom  of  the 
crucible.  Substances  that  answer  both  these  purposes  are  called 
.fluxes.  The  alkaline  and  earthy  part  of  fluxes  serve  also  another 
end,wz.  that  of  combining  with  any  acid  which  may  be  attached  to  a 
metal,  and  which  would  prevent  its  reduction  if  not  separated. 
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The  ores  of  different  metals,  and  different  ores  of  the  same  me- 
tal, require  different  fluxes.  To  offer  rules,  however,  for  each  in- 
dividual case,  would  occupy  too  much  room  in  this  work :  I  shall 
therefore,  only  state  a  few  of  those  fluxes  that  are  most  generally 
applicable. 

The  black  Jiux  is  formed,  by  setting  fire  to  a  mixture  of  one  part 
of  nitrate  of  potash,  and  two  of  acidulous  tartrke  of  potash;  which 
affords  an  intimate  mixture  of  sub-carbonate  of  potash,  with  a  fine 
light  coal.  White  Jlux  is  obtained  by  projecting  into  a  red  hot  cru- 
cible equal  parts  of  the  same  salts.  Two  parts  of  muriate  of  soda, 
.  previously  dried  in  a  crucible,  one  part  of  dry  and  powdered  lime, 
one  part  ot  fluate  of  lime,  and  half  a  part  of  charcoal ;  or  400  parts 
of  calcined  borax,  40  of  lime,  and  50  of  charcoal  ;  or,  two  parts  of 
pounded  and  finely  sifted  glass,  one  of  borax,  and  half  a  part  of 
charcoal,  are  all  well  adapted  to  the  purpose  of  fluxes.  The  ore, 
after  being  roasted,  if  necessary,  is  to  be  well  mixed  withthree  or 
four  times  its  weight  of  the  flux,  and  put  into  a  crucible,  with  a  lit- 
tle powdered  charcoal  over  the  surface.  A  cover  must  be  luted  on, 
and  the  crucible  exposed  to  the  necessary  heat  in  a  wind  furnace. 
Ores  of  iron,  as  being  difficultly  reduced,  require  a  very  intense  fire. 
Those  of  silver  and  lead  are  metallized  by  a  lower  heat.  The  me- 
tal  is  found  at  the  bottom  of  the  crucible,  in  the  form  of  a  round 
button. 

The  volatile  metals,  as  mercury,  zinc,  arsenic,  tellurium,  and  os- 
mium, it  is  obvious,  ought  not  to  be  treated  in  the  above  manner, 
and  require  to  be  distilled  with  inflammable  matters  in  an  earthen 
retort. 

For  minute  instructions  respecting  the  analysis  of  every  spe- 
cies of  ore,  both  in  the  humid  and  dry  ways,  I  refer  to  the  se- 
cond volume  of  Mr.  Kirwan's  Mineralogy;  and,  for  various  excel- 
lent examples,  to  the  essays  of  Vauquelin,  in  the  Annales  de 
Chimie  ;  to  those  of  Mr.  Hatchett  and  Mr.  Chenevix,  in  the  Philo- 
sophical Transactions  ;  of  Dr.  Kennedy,  in  Nicholson's  Journal ;  and 
of  Mr.  Klaproth,  in  the  work  already  frequently  referred  to.  It  is  on- 
ly, indeed,  by  an  attention  to  these,  and  a  few  other  models  of  che- 
mical skill  and  accuracy,  conjoined  with  the  practical  imitation  of 
them,  that  facility,  or  certainty,  in  the  art  of  analyzing  minerals 
can  be  acquired  :  and  though  general  rules  are,  in  this  instance, 
of  considerable  utility,  it  is  impossible  to  frame  any  that  can  be 
adapted  to  the  infinite  variety  which  nature  presents  in  the  pro- 
ductions of  the  mineral  kingdom. 
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PART  III. 

APPLICATION  OF  CHEMICAL  TESTS  AND  RE-AGENTS  TO  VARIOUS 
USEFUL  PURPOSES. 

CHAPTER   I. 
METHOD  OF   DETECTING  POISONS. 

WHEN  sudden  death  is  suspected  to  have  been  occasioned  by 
the  administration  of  poison,  either  wilfully  or  by  accident,  the 
testimony  of  the  physician  is  occasionally  required  to  confirm  or 
invalidate  this  suspicion.  He  may  also  be  sometimes  called  upon 
to  ascertain  the  cause  of  the  noxious  effects  arising  from  the  pre- 
sence of  poisonous  substances  in  articles  of  diet;  and  it  may  there- 
fore serve  an  important  purpose,  to  point  out  concisely  the  simplest 
and  most  practicable  modes  of  obtaining,  by  experiment,  the  ne- 
cessary information. 

The  only  poisons,  however,  that  can  be  clearly  and  decisively 
•detected  by  chemical  means,  are  those  of  the  mineral  kingdom 
Arsenic,  and  corrosive  sublimate,*  are  most  likely  to  be  exhibited 
with  the  view  of  producing  death  ;  and  lead  and  copper  may  be  in- 
troduced undesignedly,  in  several  ways,  into  our  food  and  drink. 
The  continued  and  unsuspected  operation  of  the  two  last  may  often 
produce  effects  less  sudden  and  violent,  but  not  less  baneful  to 
health  and  life,  than  the  more  active  poisons;  and  their  operation 
generally  involves,  in  the  pernicious  consequences,  a  greater  num* 
ber  of  sufferers. 

*  I  use  the  term  arsenic,  instead  of  the  more  proper  one,  arsenous  acid  ;  and. 
corrosive  sublimate,  for  muriate  of  mercury ;  because  the  former  terms  are 
more  generally  understood. 
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SECTION  I. 

Method  of  discovering  Arsenic. 

When  the  cause  of  sudden  death  is  believed,  from  the  symp- 
loms  preceding  it,  to  be  the  administration  of  arsenic,  the  contents 
of  the  stomach  must  be  attentively  examined.  To  effect  this,  let 
a  ligature  be  made  at  each  orifice,  the  stomach  removed  entirely 
from  the  body,  and  its  whole  contents  washed  out  into  an  earthen 
or  glass  vessel.  The  arsenic,  on  account  of  its  greater  specific 
gravity,  will  settle  to  the  bottom,  and  may  be  obtained  separate, 
after  washing  off  the  other  substances  by  repeated  affusions  of  cold 
water.  These  washings  should  not  be  thrown  away  till  the  pre- 
sence of  arsenic  has  been  clearly  ascertained.  It  may  be  expected 
at  the  bottom  of  the  vessel  in  the  form  of  a  white  powder,  which 
must  be  carefully  collected,  dried  on  a  filter,  and  submitted  to  ex- 
periment. 

(A)  Boil  a  small  portion  of  the  powder  with  a  few  ounces  of  dis- 
tilled water,  in  a  clean  Florence  flask,  and  filter  the  solution. 

(B)  To  this  solution  add  a  portion  of  water,  saturated  with  sul- 
phuretted hydrogen  gas.  If  arsenic  be  present,  a  golden  yellow 
sediment  will  fall  down,  which  will  appear  sooner,  if  a  few  drops 
of  acetic  acid  be  added. 

(C)  A  similar  effect  is  produced  by  the  addition  of  sulphuret  of 
ammonia,  or  hydro-sulphuret  of  potash.* 

It  is  necessary,  however,  to  observe  that  these  tests  are  decom- 
posed not  only  by  all  metallic  solutions  but  by  the  mere  addition 
of  any  acid.  But  among  these  precipitates,  Dr.  Bostock  assures 
us,t  the  greatest  part  are  so  obviously  different  as  not  to  afford  a 
probability  of  being  mistaken  ;  the  only  two,  which  bear  a  close 
resemblance  to  it,  are  the  precipitate  from  tartarized  antimony, 
and  that  separated  by  an  acid.  In  the  latter,  however,  the  sulphur 
preserves  its  peculiar  yellow  colour,  while  the  arsenic  presents  a 
deep  shade  of  orange  ;  but  no  obvious  circumstance  of  discrimina- 
tion can  be  pointed  out  between  the  hydro-sulphurets  of  arsenic 
and  of  antimony.  Hence  Dr.  Bostock  concludes  that  sulphuretted 
hydrogen  and  its  compounds  merit  our  confidence  only  as  collateral 
tests.  They  discover  arsenic  with  great  delicacy  :  sixty  grains  01 
water,  to  which  one  grain  only  of  liquid  sulphuret  (hydrogurctted 
sulphuret  ?)  had  been  added,  was  almost  instantly  rendered  com- 
pletely opake  by  ^th  of  a  grain  of  the .  white  oxide  of  arsenic  in 
solution. 

(D)  To  a  little  of  the  solution  (A)  add  a  single  drop  of  a  weak 
solution  of  carbonate  of  potash,  and  afterward  a  few  drops  of  a 
solution  of  sulphate  of  copper.  The  presence  of  arsenic  will  be 
manifested  by  a  yellowish  green  precipitate.     Or  boil  a  portion  of 

*  See  vol.  i.  page  349,  350. 

f  Edinburgh  Medical  and  Surgical  Journal,  v.  166. 
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the  suspected  power  with  a  dilute  solution  of  pure  potash,  and  with 
this  precipitate  the  sulphate  of  copper,  when  a  similar  appearance 
will  ensue  still  more  remarkably,  if  arsenic  be  present.  The  colour 
of  this  precipitate  is  perfectly  characteristic.  It  is  that  of  the  pig- 
ment called  Scheele's  green.*  To  identify  the  arsenic  with  still 
greater  certainty,  it  may  be  proper,  at  the  time  of  making  the 
experiments  on  a  suspected  substance,  to  perform  similar  ones, 
as  a  standard  of  comparison,  on  what  is  actually  known  to  be 
arsenic.  L  t  the  colour,  therefore,  produced  by  adding  an  alka- 
line solution  of  the  substance  under  examination  to  a  solution 
of  sulphate  of  copper,  be  compared  with  that  obtained  by  a 
similar  admixture  of  a  solution  of  copper  with  one  of  real  arsenic 
in  alkali. 

The  proportions,  in  which  the  different  ingredients  are  employ- 
ed, Dr.  Bostock  has  found  to  have  considerable  influence  on  the 
distinct  exhibition  of  the  effect.  Those,  which  he  has  observed  to 
answer  best,  were  one  of  arsenic,  three  of  potash  (probably  the 
sub-carbonate  or  common  salt  of  tartar),  and  five  of  sulphate  of 
copper.  For  instance,  a  solution  of  one  grain  of  arsenic,  and  three 
grains  of  potash,  in  two  drachms  of  water,  being  mingled  with 
another  solution  of  five  grains  of  sulphate  of  copper  in  the  same 
quantity  of  water,  the  whole  was  converted  into  a  beautiful  grass 
green,  from  which  a  copious  precipitate  of  the  same  hue  slowly 
subsided,  leaving  the  supernatant  liquor  transparent  and  nearly 
colourless.  The  same  materials,  except  with  the  omission  of  the 
arsenic,  being  employed  in  the  same  manner,  a  delicate  sky-blue 
resulted,  so  different  from  the  former,  as  not  to  admit  of  the  pos- 
sibility of  mistake.  In  this  way,  ^th  of  a  grain  of  arsenic,  dif- 
fused through  sixty  grains  of  water,  afforded,  by  the  addition  of 
sulphate  of  copper  and  potash  in  proper  proportions,  a  distinct  pre- 
cipitate of  Scheele's  green.  In  employing  this  test,  it  is  necessary 
to  view  the  fluid  by  reflected  and  not  by  transmitted  light,  and  to 
make  the  examination  by  day-light.  To  render  the  effect  more 
apparent,  a  sheet  of  white  paper  may  be  placed  behind  the  glass  in 
which  the  mixed  fluids  are  contained.! 

(E)  The  sediments,  produced  by  any  of  the  foregoing  experi- 
ments, may  be  collected,  dried,  and  laid  on  red-hot  charcoal. 
A  smell  of  sulphur  will  first  arise,  and  will  be  followed  by  that 
of  garlic. 

(F)  A  new  process  for  detecting  arsenic  has  been  proposed 
by  Mr.  Hume  of  London  in  the  Philosophical  Magazine  for  May 
1809,  vol.  xxxiii.  The  test,  which  he  has  suggested,  is  the 
fused  nitrate  of  silver  or  lunar  caustic,  which  he  employs  in  the 
following  manner  :\ 

Into  a  clean  Florence  oil  flask,  introduce  two  or  three  grains  of 
any  powder  suspected  to  be  arsenic  ;  add  not  less  than  eight  ounce- 
measures  of  either  rain  or  distilled  water  ;  and  heat  this  gradually 

*  See  chap.  xix.  sect.  16. 

f  Lib.  citat.  page  170. 

t  London  Medical  and  Physical  Journal,  xxm.  448 
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over  a  lamp  or  a  clear  coal  fire,  till  the  solution  begins  to  boil. 
Then,  while  it  boils,  frequently  shake  the  flask,  which  may  be  rea- 
dily done  by  wrapping  a  piece  of  leather  round  its  neck,  or  putting 
a  giove  upon  the  hand.  To  the  hot  solution,  add  a  grain  or  two  of 
sub-carbonate  of  potash  or  soda,  agitating  the  whole  to  make  the 
mixture  uniform. 

In  the  next  place,  pour  into  an  ounce  phial  or  a  small  wine  glass 
about  two  table  spoonfuls  of  ttiis  solution,  and  present,  to  the  mere 
surface  of  the  fluid,  a  stick  of  dry  nitrate  of  silver  or  lunar  caustic. 
If  there  be  any  arsenic  present,  a  beautiful  yellow  precipitate  will 
instantiy  appear,  which  will  proceed  from  the  point  of  contact  of 
the  nitrate  with  the  fluid,  and  settle  towards  the  botiom  of  the  ves- 
sel as  a  flocculcnt  and  copious  precipitate.  This  precipitate,  Mr. 
Hume  is  confident,  cannot  be  confounded  with  any  other  substance, 
so  as  to  lead  to  a  doubtful  opinion. 

The  nitrate  of  silver,  Mr.  Hume  finds,  'also,  acts  very  sensibly 
upon  arsenate  of  potash,  and  decidedly  distinguishes  this  salt  from 
the  above  solution  or  arsenite  of  potash  ;  the  colour  of  the  precipi- 
tate, occasioned  by  the  arsenate,  being  much  darker  and  more  in- 
clined to  brick  or  red.  In  both  cases,  he  is  of  opinion,  that  the  test 
of  nitrate  of  silver  is  greatly  superior  to  that  of  sulphate  of  copper; 
inasmuch  as  it  produces  a  much  more  copious  precipitate,  when 
equal  qu  ntities  are  submitted  to  experiment.  The  tests  he  re- 
commends to  be  employed  in  their  dry  state,  in  preference  to 
that  of  solution  ;  and  that  the  piece  of  salt  be  held  on  the  surface 
only. 

A  modified  application  of  this  test  has  since  been  proposed  by 
Dr.  Marcet,  whose  directions  are  as  follow.  Let  the  fluid,  sus- 
pected to  contain  arsenic,  be  filtered  ;  let  the  end  of  a  glass  rod, 
wetted  with  a  solution  of  pure  ammonia,  be  brought  into  contact 
with  this  fluid,  and  let  the  end  of  a  clean  rod  similarly  wetted  with 
solution  of  nitrate  of  silver,  be  immersed  in  the  mixture.  If  the 
minutest  quantity  of  arsenic  be  present,  a  precipitate  of  a  bright 
yellow  colour  inclining  to  orange  will  appear  at  the  point  of  contact, 
and  will  readily  subside  to  the  bottom  of  the  vessel.  As  this  pre- 
cipitate is  soluble  in  ammonia,  the  greatest  care  is  necessary  not 
to  add  an  excess  of  that  alkali.  The  acid  of  arsenic,  with  the  same 
test,  affords  a  brick  red  precipitate.* 

Mr.  Sylvester  has  objected  to  this  test,  that  it  will  not  produce 
the  expected  appearance,  when  common  salt  is  present-  He  has, 
therefore,  proposed  the  red  acetate  of  iron  as  a  better  test  of  arse- 
nic, with  which  it  forms  a  bright  yellow  deposit ;  or  the  acetate  of 
copper,  which  affords  a  green  precipitate.  Of  the  two,  he  recom- 
mends the  latter  in  preference,  but  advises  that  both  should  be  re- 
sorted to  in  doubtful  cases.f  Dr.  Marcet,  however,  has  replied, 
that  the  objection  arising  from  the  presence  of  common  salt  is  easi- 
ly obviated  ;  for  if  a  little  dilute  muriatic  acid  be  added  to  the  sus- 
pected liquid,  and  then  nitrate  of  silver  very  cautiously  till  the 
precipitate  ceases,  the  muriatic  acid  will  be  removed,  but  the  arse- 

*  Med.  Chir.  Trans,  ii.  156.  f  33  Nich' Jour  306, 
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nic  will  remain  in  solution,  and  the  addition  of  ammonia  will  pro- 
duce the  yellow  precipitate  in  its  characteristic  form.  It  is  scarce- 
ly necessary  to  add  that  the  quantity  of  ammonia  must  be  sufficient 
to  saturate  any  excess  of  nitric  acid  which  the  fluid  may  contain.* 
(G)  But  the  most  decisive  mode  of  determining  the  presence  of 
arsenic,  is  by  reducing  it  to  a  metallic  state,  in  which  its  charac- 
ters are  clear  and  unequivocal.     For  this  purpose,  let  a  portion  of 
the  while  sediment,  collected  from  the  contents  of  the  stomach,  be 
mixed  with  three  times  its  weight  of  black  flux  (see  page  426); 
or  if  this  cannot  be  procured,  with  two  parts  of  very  dry  carbonate 
of  potash  (the  salt  of  tartar  of  the  shops),  and  one  of  powdered 
charcoal.     Dr.  Bostock  finds  that  for  this  mixture,  we  may  advan- 
tageously substitute  one  composed  of  half  a  grain  of  charcoal,  and 
two  drops  of  oil,  to  a  grain  of  the  sediment.     Procure  a  tube  eight 
or  nine  inches  long,  and  one  fourth  or  one  sixth  of  an  inch  in  dia- 
meter, of  thin   glass,  sealed    hermetically  at  one  end.     Coat   the 
closed  end  with  clay,  for  about  an   inch,  and  let  the   coating  dry. 
Then  put  into  the  tube  the  mixture  of  the  powder  and  its  flux, and 
if  any  should  adhere  to   the  inner  surface,  let  it  be  wiped  off  by  a 
feather,  so  that  the  inner  surface  of  the  upper  part  of  the  tube  may 
he  quite  clean  and  dry.     Stop  the  end  of  the  tube  loosely,  with  a 
little  paper,  and  heat  the  coated  end  only,on  a  chaffing-dish  of  red- 
hot  coals,  taking  care  to  avoid  breathing  the  fumes.     The  arsenic, 
if  present,  will  rise  lo  the  upper  part  of  the  tube,  on  the  inner  sur- 
face of  which  it  will  form  a  thin  brilliant  coating.     Break  the  tube, 
and  scrape  off  the  reduced  metal.     Lay  a  little   on  a  heated  iron, 
when,  if  it  be  arsenic,  a  dense  smoke  will  arise,  and  a  strong  smell 
of  garlic  will  be  perceived.     The  arsenic  may  be  farther  identified, 
by  putting  a  small  quantity  between  two  polished  plates  of  copper, 
surrounding  it  by  powdered  charcoal,  to  prevent  its  escape,  binding 
these  tightly  together  by  iron  wire,  and  exposing  them  to  a  low 
red-heat  .If  the  included  substance  be  arsenic,  a  white  stain  will 
be  left  on  the  copper. 

(H)  It  may  be  proper  to  observe,  that  neither  the  stain  on  cop- 
per, nor  the  odour  of  garlic,  is  produced  by  the  white  oxide  of 
arsenic,  when  heated  without  the  addition  of  some  inflammable  in- 
gredient. The  absence  of  arsenic  must  not  therefore  be  inferred, 
if  no  smell  should  be  occasioned  by  laying  the  white  powder  on  a 
heated  iron. 
Dr.  Black  ascertained,  that  all  the  necessary  experiments,  for 
.  the  detection  of  arsenic,  may  be  made  on  a  single  grain  of  the 
white  oxide  ;  this  small  quantity  having  produced,  when  heated  in 
a  tube  with  its  proper  flux,  as  much  of  the  metal  as  clearly  esta- 
blished its  presence. 

If  the  quantity  of  arsenic  in  the  stomach  should  be  so  small, 
which  is  not.  very  probable,  as  to  occasion  death,  and  yet  to  remain 
suspended  in  the  washings,  the  whole  contents,  and  the  water  em- 
ployed to  wash  them,  must  be  filtered,  and  the  clear  liquor  assayed 
for  arsenic  by  the  test  (B),  (C),(D),and  (E). 

*  Phil.  Mag.  xli.  124. 
4  I, 
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SECTION  II. 

Discovery  of  Corrosive  Sublimate. 

Corrosive  sublimate  (the  muriate  of  mercury),  next  to  arsenic, 
is  the  most  virulent  of  the  metallic  poisons.  It  may  be  collected 
by  treating  the  contents  of  the  stomach  in  the  manner  already  de- 
scribed ;  but  as  it  is  more  soluble  than  arsenic,  viz.  in  about  19 
times  its  weight  of  water,  no  more  water  must  be  employed  than  is 
barely  sufficient,  and  the  washings  must  be  carefully  preserved  for 
examination. 

If  a  powder  should  be  collected,  by  this  operation,  which  proves, 
on  examination,  not  to  be  arsenic,  it  may  be  known  to  be  corrosive 
sublimate  by  the  following  characters  : 

(A)  Expose  a  small  quantity  of  it,  without  any  admixture,  to 
heat  in  a  coated  glass  tube,  as  directed  in  the  treatment  of  arsenic. 
Corrosive  sublimate  will  be  ascertained  by  its  rising  to  the  top  of 
the  tube,  lining  the  inner  surface  in  the  form  of  a  shining  white 
crust. 

(1$)  Dissolve  another  portion  in  distilled  water ;  and  it  may  be 
proper  to  observe  how  much  of  the  salt  the  water  is  capable  of 
taking  up. 

(C)  To  the  watery  solution  add  a  little  lime-water.  A  precipi- 
tate of  an  orange  yellow  colour  will  instantly  appear. 

(D)  To  another  portion  of  the  solution  add  a  single  drop  of  a  di- 
lute solution  of  sub-carbonate  of  potash  (salt  of  tartar.)  A  white 
precipitate  will  appear  ;  but,  on  a  still  farther  addition  of  alkali,  an 
orange  coloured  sediment  will  be  formed. 

(E)  The  carbonate  of  soda  has  similar  effects. 

(F)  Sulphuretted  water  throws  down  a  dark  coloured  sediment, 
which,  when  dried  and  strongly  heated,  is  wholly  volatilized,  with- 
out any  odour  of  garlic. 

For  the  detection  of  corrosive  sublimate,  Mr.  Sylvester  has  re- 
commended the  application  of  galvanism,  which  exhibits  the  mer- 
cury in  a  metallic  state.  A  piece  of  zinc  wire,  or  if  that  cannot  be 
had,  of  iron  wire  about  three  inches  long,  is  to  be  twice  bent  at 
right  angles,  so  as  to  resemble  the  Greek  letter  IT.  The  two  legs 
of  this  figure  should.be  distant  about  the  diameter  of  a  common 
gold  wedding  ring  from  each  other,  and  the  two  ends  of  the  bent 
wire  must  afterwards  be  tied  to  a  ring  of  this  description.  Let  a 
plate  of  glass,  not  less  than  three  inches  square,  be  laid  as  nearly 
horizontal  as  possible,  and  on  one  side,  drop  some  sulphuric  acid, 
diluted  with  about  six  times  its  weight  of  water,  till  it  spreads  to 
the  size  of  a  halfpenny.  At  a  little  distance  from  this,  towards  the  other 
side,  next  drop  some  of  the  solution  supposed  to  contain  corrosive 
sublimate,  till  the  edges  of  the  two  liquids  join  together ;  and  let  the 
wire  and  ring  prepared  as  above  be  laid  in  such  a  way  that  the  wire 
may  touch  the  acid,  while  the  gold  ring  is  in  contact  with  the  sus- 
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pected  liquid.  If  the  minutest  quantity  of  corrosive  sublimate  be 
present,  the  ring  in  a  few  minutes  will  be  covered  with  mercury  on 
the  part  which  touched  the  fluid. 

The  only  mineral  poison  of  great  virulence  that  has  not  been 
mentioned,  and  which,  from  its  being  little  known  to  act  as  such, 
it  is  very  improbable  we  should  meet  with,  is  the  carbonate  of  bary- 
tes.  This,  in  the  country  where  it  is  found,  is  employed  as  a  poison 
for  rats,  and  there  can  be  no  doubt  would  be  equally  destructive  to 
human  life.  It  may  be  discovered  by  dissolving  it  in  muriatic  acid, 
and  by  the  insolubility  of  the  precipitate  which  this  solution  yields 
on  adding  sulphuric  acid,  or  sulphate  of  soda.  Barydc  salts,  if 
these  have  been  the  means  of  poison,  will  be  contained  in  the  water 
employed  to  wash  the  contents  of  the  stomach,  and  will  be  detected, 
on  adding  sulphuric  acid,  by  a  copious  precipitate. 


SECTION  III. 

Method  of  detecting  Cofijicr  or  Lead. 

Copper  and  lead  sometimes  gain  admission  into  articles  of  food, 
inconsequence  of  the  employment  of  kitchen  utensils  of  these  ma- 
terials. 

I.  II  copter  be  suspected  in  any  liquor,  its  presence  will  be 
ascertained  by  adding  a  solution  of  pure  ammonia,  which  will  strike 
a  beautiful  blue  colour.  If  the  solution  be  very  dilute,  it  may  be 
concentrated  by  evaporation;  and  if  the  liquor  contain  a  considera- 
ble excess  of  acid,  like  that  used  to  preserve  pickles,  as  much  of 
the  alkali  u:ust  be  added  as  is  more  than  sufficient  to  saturate  the 
acid.  In  this,  and  all  other  experiments  of  the  same  kind,  the  fluid 
should  be  viewed  by  reflected,  and  not  by  transmitted  light. 

II.  Lead  is  occasionally  found,  in  sufficient  quantity  to  be  in- 
jurious to  health,  in  water  that  has  been  kept  in  leaden  vessels,  and 
bometimes  even  in  pump-water,  in  consequence  of  this  metal  being 
used  in  the  construction  of  the  pump.  Acetate  of  lead  has  also 
been  known  to  be  fraudulently  added  to  bad  wines,  with  the  view 
of  concealing  their  defects. 

Lead  may  be  discovered  by  adding,  to  a  portion  of  the  suspected 
water,  about  half  its  bulk  of  water  impregnated  with  sulphuretted 
hydrogen  gas.  If  lead  be  present,  it  will  be  manifested  by  a  dark 
brown,  or  blackish,  tinge.  This  test  is  so  delicate,  that  water  con- 
densed by  the  leaden  worm  of  a  still-tub,  is  sensibly  affected  by  it. 
It  is  also  detected  by  a  similar  effect  ensuing  on  the  addition  of 
sulphuret  of  ammonia,  or  potash. 

The  competency  of  this  method,  however,  to  the  discovery  of 
very  minute  quantities  of  lead,  has  been  lately  set  aside  by  the  ex- 
periments of  Dr.   Lambe,*  the  author  of  a   skilful  analysis  of  the 

*  See  his  "Kesearches  into  the  Properties  of  Spring  Water."  8vo.  London 
Johnson.    1803. 
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springs  of  Lemington  Priors,  near  Warwick.  By  new  methods  of 
examination,  hi  has  detected  the  presence  of  lead  in  several  spring 
waters,  that  manifest  no  change  on  the  addition  of  the  sulphuretted 
test ;  and  has  found  that  metal  in  the  precipitate,  separated  from 
such  waters  by  the  carbonate  of  potash  or  of  soda.  In  operating 
on  these  waters,  Dr.  Lambe  noticed  the  following  appearances: 

(a)  The  test  forms  sometimes  a  dark  cloud,  with  the  precipitate 
effected  by  alkalis,  which  has  been  redissolved  in  nitric  acid. 

(6)  Though  it  forms,  in  other  cases,  no  cloud,  the  precipitate  it- 
seli  becomes  darkened  by  the  sulphuretted  test. 
,  (c)  The  test  lorms  a  white  cloud,  treated  with  the  precipitate  as 
in  {a).     These  two  appearances  may  be  united. 

(d)  The  test  neither  forms  a  cloud,  nor  darkens  the  precipitate. 

(t)  In  the  cases  (6),  (c),  (d),  heat  the  precipitate,  in  contact  with 
an  alkaline  carbonate,  to  redness;  dissolve  out  the  carbonate  by  wa- 
ter ,  una  Treat  the  precipicate  as  in  (a).  Ttie  sulphuretted  testthen 
forms  a  dark  cloud  with  the  solution  of  the  precipitate  In 
experiments,  it  is  essential  thai  lik  acid,  used  to  rcdissolvc  the 
precipitate,  shad  not  be  in  excess  ;  and  if  it  should  so  happen,  that 
excess  must  be  saturated  before  the  td>t  is  applied.  It  is  better 
to  use  so  little  acid,  that  some  of  the  precipitate  may  remain  un- 
dissolved. 

(/')  Instead  of  the  process  (e)  the  precipitate  may  be  exposed 
without  addition,  to  a  red-heat,  and  then  treated  as  in  (a).  In  this 
case,  the  test  will  detect  the  metallic  matter  ;  but  with  less  certain- 
ted  than  the  foregoing  one. 

The  nitric  acid  used  in  these  experiments,  should  be  perfectly 
pure  ;  and  the  test  should  be  recently  prepared  by  saturating  wa- 
ter with  sulphuretted  hydrogen  gas. 

Another  mode  of  analysis,  employed  by  Dr.  Lambe,  consists  in 
precipitating  the  lead  by  muriate  of  soda  ;  but  as  muriate  of  lead  is 
partly  soluble  in  water,  this  test  cannot  be  applied  to  small  portions 
of  suspected  water.  The  precipitate  must  be,  therefore,  collected, 
from  two  or  three  gallons,  and  heated  to  redness  with  twice  its 
weight  of  carbonate  of  soda.  Dissolve  out  the  soda;  add  nitric 
acid,  saturating  any  superfluity  ;  and  then  apply  the  sulphuretted 
test. 

The  third  process,  which  is  the  most  satisfactory  of  all,  and  is 
very  easy,  except  for  the  trouble  of  collecting  a  large  quantity  of 
precipitate,  is  the  actual  reduction  of  the  metal, "and  its  exhibition  in 
a  separate  form.  The  precipitate  may  be  mixed  with  its  own  weight 
of  alkaline  carbonate,  and  exposed  either  with  or  without  the  addi- 
tion of  a  small  proportion  of  charcoal,  to  a  heat  sufficient  to  melt 
the  alkali.  On  breaking  the  crucible,  a  small  globule  of  lead  will 
be  found  reduced  at  the  bottom.  The  precipitate  from  about  fifty 
gallons  of  water  yielded  Dr.  Lambe  about  two  grains  of  lead. 

For  discovering  the  presence  of  lead  in  wines,  a  test  invented  by 
Dr.  Hahnemann,  and  known  by  the  title  of  Hahnemann's  wine  test, 
may  be  employed.  This  test  is  prepared  by  putting  together,  into 
a  small  phial,  sixteen  grains  of  sulphuret  of  lime,  prepared  in  the 
dry  way  (by  exposing  to  a  red-heat,  in  a  covered  crucible,  equal 
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weights  of  powdered  lime  and  sulphur,  accurately  mixed),  and  20 
grains  of  acidulous  tartrite  of  potash  (cream  of  tartar).  The  phial 
istobe  filled  with  water,  well  corked,  and  occasionally  shaken  for 
the  space  often  minutes.  When  the  powder  has  subsided,  decant 
the  clear  liquor,  and  preserve  it,  in  a  well-stopped  bottle,  for  use. 
The  liquor,  when  fresh  prepared,  discovers  lead  by  a  dark  coloured 
precipitate.  A  farther  proof  of  the  presence  of  lead  in  wines  is 
the  occurrence  of  a  precipitate  on  adding  a  solution  of  the  sulphate 
of  soda. 

The  quantity  of  lead,  which  has  been  detected  in  sophisticated 
wine,  may  be  estimated  at  forty  grains  of  the  metal  in  every  fifty 
gallons.* 

When  a  considerable  quantity  of  acetate  of  lead  has  been  taken 
into  the  stomach  (as  sometimes,  owing  to  its  sweet  taste,  happens 
to  children),  after  the  exhibition  of  an  active  emetic,  the  hydro-sul- 
phuret  of  potash  or  of  ammonia  may  be  given  ;  or  a  solution  of  the 
common  sulphuret. 

Mr.  Sylvester  has  lately  proposed  the  gallic  acid  as  an  excellent 
test  of  the  presence  of  lead.f 

In  cases  of  the  accidental  swallowing  of  sulphuric  acid,  which 
also  sometimes  happens  to  children,  M.  Fourcroy  recommends  the 
speedy  administration  of  a  solution  of  soap,  or  a  mixture  of  carbo- 
nate of  magnesia  or  carbonate  of  lime  (common  chalk)  with 
water.! 


CHAPTER  II. 

RULES  FOR  ASCERTAINING  THE  PURITY  OF  CHEMICAL  PREPARA- 
TIONS, EMPLOYED  FOR  THE  PURPOSES  OF  MEDICINE,  AND  FOR 
OTHER    USES. 

\.—Sul}ihuric  acid, — Acidum  Sulfi/iuriciim  of  (he  London  Pharma- 
cofieia, — OiUiif  Vitriol. 


THE  specific  gravity  of  sulphuric  acid  should  be  1850.  If. 
should  remain  perfectly  transparent  when  diluted  with  distilled 
water.  If  a  sediment  occur,  on  dilution,  it  is  a  proof  of  the  pre- 
sence of  sulphate  of  lead  or  sulphate  of  lime. 

Iron  may  be  detected  in  sulphuric  acid,  by  saturating  a  diluted 
portion  of  the  diluted  acid  with  pure  carbonate  of  soda,  and  add- 
ing prussiate  of  potash,  which  will  manifest  the  presence  of  iron 
!>)' a  prussian  blue  precipitate;  or  it  will  be  discovered  by  a  pur- 
plish or  blackish  tinge,  on  the  addition  of  tincture  of  galls  to  a  si- 
milarly saturated  portion.  Copper  may  be  discovered,  by  pouring, 
into  a  similarly  saturated  solution,  pure  solution  of  ammonia  ;  and 
lead  may  be  detected  by   the   sulphuret   of  ammonia.     The  latter 

*  Lambe,  page  175.  f  33  Nicholson's  Journal,  310. 

t  Systime,  vol.  i.  page  240. 


638  DETECTION    OF    ADULTERATIONS.  CHAP.  U. 

metal,  however,  is  generally  precipitated,  on  dilution,  in  combina- 
tion with  sulphuric  acid. 

Sulphate  of  potash  or  of  soda  may  be  found  by  saturating  the  di- 
luted acid  with  ammonia,  evaporating  to  dryness,  and  applying  a 
pretty  strong  heat.  The  sulphate  of  ammonia  will  escape,  and 
that  of  potash  or  of  soda  will  remain,  and  may  be  distinguished  by 
its  soiubility  and  other  characters.* 

II — Nitric  and  Nitrous  Acids, — Acidum  Nitricum,   P.  L. — Aqua 

Fords. 

The  nitric  acid  should  be  perfectly  colourless,  and  as  limpid  as 
water.  It  should  be  preserved  in  a  dark  place,  to  prevent  its  con- 
version into  the-  nitrous  kind. 

These  acids  are  most  likely  to  be  adulterated  with  sulphuric  and 
muriatic  acids.  The  sulphuric  acid  may  be  discovered  by  adding 
to  a  portion  of  ihe  acid,  largely  diluted,  nitrated  or  muriated  ba- 
rytes,  which  will  occasion,  with  sulphuric  acid,  a  white  and  insolu- 
ble precipitate.  The  muriatic  acid  may  be  ascertained  by  nitrate 
of  silver,  which  affords  a  sediment,  at  first  white,  but  which  be- 
comes coloured  by  exposure  to  the  direct  light  of  the  sun.  Both 
these  acids,  however,  may  be  present  at  once  ;  and,  in  this  case,  it 
will  be  necessary  to  add  a  solution  of  nitrate  of  barytes,  as  long  as 
any  precipitate  falls,  which  will  separate  the  sulphuric  acid.  Let 
the  sediment  subside,  decant  the  clear  liquor,  and  add  the  nitrate 
of  silver.  If  a  precipitate  appear,  muriatic  acid  may  be  inferred 
to  be  present  also.  Muriatic  acid  may,  also,  be  detected  by  add- 
ing a  solution  of  sulphate  of  silver. 

These  acids  should  have  the  specific  gravity  of  1550. 

III. — Muriatic  Acid, — Acidtim   Muriaticum,  P.   L. — Sfiirit  of  Salt. 

This  acid  generally  contains  iron,  which  may  be  known  by  its 
yellow  colour;  the  pure  acid  being  perfectly  colourless.  It  may 
also  be  detected  by  the  same  mode  as  was  recommended  in  exa- 
mining sulphuric  acid. 

Sulphuric  acid  is  discoverable  by  a  precipitation,  on  adding,  to  a 
portion  of  the  acid,  diluted  with  five  or  six  parts  of  pure  water,  a 
solution  of  the  muriate  of  barytes. 

The  specific  gravity  of  this  acid  should  be  at  least  1170. 

IV. — Acetic  acid, — Acidum  Aceticum, — Radical  or  concentrated 
Vinegar. 

This  acid  is  often  contaminated  by  sulphurous  and  sulphuric 
acid.  The  first  may  be  known  by  drawing  a  little  of  the  vapour 
into  the  lungs,  when,  if  the  acid  be  pure,  no  unpleasant  sensation 
will  be  felt ;  but,  if  sulphurous  acid  be  contained  in  the  acetic,  it 
will  not  fail  to  be  discovered  in  this  mode.     The  sulphuric  acid  is 

*  See  psige  235. 


CHAP.   II.  DETECTION   OF    ADULTERATIONS.  639 

detected   by  muriated  barytes;  copper,  by   supersaturation  with 
pure  ammonia ;  and  lead,  by  sulphuret  of  arrfmonia. 
The  specific  gravity  of  this  acid  should  be  1060  at  least. 

V.— Acetous   Acid> — Acidum   Aceticum,   P.   L Distilled 

Vinegar. 

If  vinegar  be  distilled  in  copper  vessels,  it  can  hardly  fail  be- 
ing contaminated  by  that  metal;  and,  if  a  leaden  worm  be  used. 
for  its  condensation,  some  portion  of  lead  will  certainly  be  dis- 
solved. The  former  metal  will  appear"  on  adding  an  excess  of  so- 
lution of  pure  ammonia  ;  and  lead  will  be  detected  by  the  sul- 
phuretted ammonia,  or  by  water  saturated  with  sulphuretted  hy- 
drogen.    (See  the  preceding  chapter.) 

It  is  not  unusual,  in  order  to  increase  the  acid  taste  of  vinegar, 
to  add  sulphuric  acid.  This  acid  may  be  immediately  discovered 
by  solutions  of  barytes,  which,  when  vinegar  has  been  thus  adul- 
terated, throw  down  a  white  precipitate. 

VI. — Boracic  Acid^— Sedative  Salt  of  Homberg. 

Genuine  boracic  acid  should  totally  dissolve  in  five  times  its 
weight  of  boiling  alcohol ;  and  the  solution,  when  set  on  fire, 
should  emit  a  green  flame.  The  best  boracic  acid  forms  small 
hexangular  scaly  crystals  of  a  shining  silvery  white  colour.  Its 
specific  gravity  is  1480. 

VII. — Tartaric  Acid. 

This  acid  often  contains  sulphuric  acid  ;  to  discover  which,  let 
a  portion  be  dissolved  in  water,  and  a  solution  of  acetate  of  lead 
be  added.  A  precipitate  will  appear,  which,  if  the  acid  be  pure, 
is  entirely  re-dissolved  by  a  few  drops  of  pure  nitric  acid,  or  by  a 
little  pure  acetic  acid.  If  any  portion  remain  undissolved,  sul- 
phuric acid  is  the  cause.  Muriate  of  barytes,  also,  when  the  acid 
is  adulterated  with  sulphuric  acid,  but  not  otherwise,  gives  a  pre- 
cipitate insoluble  by  an  excess  of  muriatic  acid. 

VIII.— Acid  of  Amber. 

Acid  of  amber  is  adulterated,  sometimes  with  sulphuric  acid 
and  its  combinations  ;  sometimes  with  tartaric  acid ;  and  at  others 
with  muriate  of  ammonia. 

Sulphuric  acid  is  detected  by  solutions  of  barytes;  tartaric'acid 
by  carbonate  of  potash,  which  forms  a  difficultly  soluble  tartrate; 
and  muriate  of  ammonia  by  nitrate  of  silver,  which  discovers  the 
acid,  and  by  a  solution  of  pure  potash,  which  excites  a  strong  smell 
of  ammonia. 

Pure  acid  of  amber  is  a  crystalline  white  salt  of  an  acid  taste, 
soluble  in  twenty -four  parts  of  cold  or  eight  of  hot  water,  and  is 
volatilized,  when  laid  on  red-hot  iron,  without  leaving  any^  ashes  or 
other  residue. 
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IX.— Acid  of  Benzoin^ — Acidum  Benzo'icum,  P.  L. 

This  acid  is  not  very  liable  to  adulteration.  The  best  has  a 
brilliant  white  colour  and  a  peculiarly  grateful  smell.  It  is  soluble 
in  a  large  quantity  of  boiling  water  or  alcohol,  and  leaves  no  residue 
when  placed  on  a  heated  iron. 

X. — Sub-carbonate  of  Potash?— -Potass £  Subcarbonaa,  P.  L. 

The  salt  of  tartar  of  the#shops  generally  contains  sulphate  and 
muriate  of  potash,  and  siliceous  and  calcareous  earths.  It  should 
dissolve  entirely,  if  pure,  in  twice  its  weight  of  cold  water;  and 
any  thing  that  remains  undissolved  may  be  regarded  as  an  im- 
purity. Sometimes  one  fourth  of  foreign  mixtures  may  thus  be 
detected,  the  greater  part  of  which  is  sulphate  of  potash.  To 
ascertain  the  nature  of  the  adulteration,  dissolve  a  portion  in  pure 
and  diluted  nitric  acid  :  tne  siliceous  earth  only  will  remain  undis- 
solved. Add,  to  one  portion,  of  the  solution,  nitrate  of  barytes ; 
this  will  detect  sulphate  of  potash  by  a  copious  precipitate.  To 
another  portion  add  nitrate  of  silver,  which  will  discover  muriatic 
salts ;  and,  to  a  third,  oxalate  or  fiuate  of  ammonia,  which  will  de- 
tect calcareous  earth. 

The  solution  of  sub-carbonate  of  poiash  (liquor  fiotasse  subcar- 
bonalis,  P.  L.)  may  be  examined  in  a  similar  manner. 

XI. — Solution  of  pure  Potash, — Liquor  Potasses,  P.  L. 

This  may  be  assayed,  for  sulphuric  and  muriatic  salts,  by  satura- 
tion with  nitric  acid,  and  by  the  tests  recommended  in  speaking  of 
carbonate  of  poiash.  A  perfectly  pure  solution  of  potash  should 
remain  transparent  on  the  addition  of  barytic  water.  If  a  pre- 
cipitate should  ensue,  which  dissolves  with  effervescence  in  dilute 
muriatic  acid,  it  is  owing  to  the  presence  of  carbonic  acid :  if  the 
precipitate  is  not  soluble,  it  indicates  sulphuric  acid.  A  redun- 
dancy of  carbonic  acid  is  also  shown  by  an  effervescence,  on  adding 
diluted  sulphuric  acid,  and  an  excess  of"  lime  by  a  white  precipitate, 
on  blowing  air  from  the  lungs,  through  the  solution,  by  means  of  a 
tobacco-pipe,  or  a  glass  tube. 

This  solution  should  be  of  such  a  strength,  as  that  an  exact  wine- 
pint  may  weigh  18  ounces  troy. 

XII. — Sub-carbonate  of  Soda, — Soda  Subcarbonas,  P.  L. 

Carbonate  of  soda  is  scarcely  ever  found  free  from  muriate  and 
sulphate  of  soda.  These  may  be  discovered  by  adding,  to  a  little 
of  the  carbonate  saturated  with  pure  nitric  acid,  first  nitrate  of 
barytes,  to  detect  sulphuric  acid,  and  afterward  nitrate  of  silver, 
to  ascertain  the  presence  of  muriatic  acid.  Carbonate  of  potash 
will  be  shown  by  a  precipitate  ensuing  on  the  addition  of  tartarous 
acid  to  a.stroug  solution  of  the  alkali ;  for,  this  acid  forms  a  diffi- 
cultly soluble  salt  with  potash,  but  not  with  soda. 
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XIII.— Solution  of  Carbonate  of  Ammonia) — Liquor  Ammonia 
Carbonatis,  P.  L. 

This  should  have  the  specific  gravity  of  1150;  should  effervesce 
on  ihe  addition  of  acids  ;  and  should  afford  a  strong  coagulum  on 
adding  alcohol. 

XIV. — Carbonate  of  Ammonia, — Ammonia  Carbonas,  P.  L. 

This  salt  should  be  entirely  volatilized  by  heat.  If  any  thing 
remain,  when  it  is  laid  on  a  heated  iron,  carbonate  of  potash  or  of 
lime  may  be  suspected  ;  and  these  impurities  are  most  likely  lo  be 
present  if  the  carbonate  of  ammonia  be  purchased  in  the  form  of  a 
powder.  It  should  therefore  always  be  bought  in  solid  lumps. 
Sulphuric  and  muriatic  salts,  lime,  and  iron,  may  be  discovered  by 
adding  to  the  alkali,  saturated  with  nitric  acid,  the  appropriate  tests 
already  often  mentioned. 

XV. — Solution  of  pure  Ammonia  in  Water, — Liquor  Ammonia, 
P.  L. — Strong  Spirit  of  Sal  Ammoniac. 

The  volatile  alkali,  in  its  purest  state,  exists  as  a  gas  conden- 
sible  by  water,  and  its  solution  in  water  is  the  only  form  under 
which  it  is  applicable  to  useful  purposes.  This  solution  should 
contain  nothing  besides  the  volatile  alkali;  the  alkali  should  be 
perfectly  free  from  carbonic  acid,  and  should  be  combined  with 
water  in  the  greatest  possible  proportion.  The  presence  of  other 
salts  may  be  discovered  by  saturating  a  portion  of  the  solution  with 
pure  nitric  acid,  and  adding  the  tests  for  sulphuric  and  muriatic 
acids.  Carbonic  acid  is  shown  by  a  precipitation  on  mixing  the 
solution  with  one  of  muriate  of  lime  ;  for  this  earthy  salt  is  not  pre- 
cipitated by  pure  ammonia.  The  only  mode  of  determining  the 
strength  of  the  solution  is  by  taking  its  specific  gravity,  which,  at 
60°  Fahrenheit,  should  be  as  905,  or  thereabouts,  to  1000. 

XVI. — Spirit  of  Hartshorn. 

This  mav  be  counterfeited  by  mixing  the  aqua  ammonia  pura 
with  the  distilled  spirit  of  hartshorn,  in  order  to  increase  the 
pungency  of  its  smell,  and  to  enable  it  to  bear  an  addition  of  water. 
The  fraud  is  detected  by  adding  alcohol  to  the  sophisticated  spirit; 
for,  if  no  considerable  coagulation  ensues,  the  adulteration  is  prov- 
ed. It  may  also  be  discovered  by  the  usual  effervescence  not 
ensuing  with  acids.  The  solution  should  have  the  specific  gravity 
of  1500. 

WW.— Sulphate  of  Soda,— Soda:  Sulphas,  P.  L.— Glauber's 

Salt. 

This  salt  ought  not  to  contain  an  excess  of  either  acid  or  alkali, 
both  of  which  may  be  detected  by  the  vegetable  infusions,  p.  588,  589. 

4  M 
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Nor  should  it  be  mixed  with  earthy  or  metallic  salts;  the  former 
of  which  are  detected  by  carbonate,  and  the  latter  by  prussiatc  of 
potash.  Muriate  of  soda  is  discovered  by  adding  nitrate  of  barytes 
till  the  precipitate  ceases,  and  afterwards  nitrate  of  silver,  or  more 
simply  by  a  solution  of  sulphate  of  silver.  Sulphate  of  potash  is 
discovered  by  its  more  sparing  solubility.  The  sulphate  of  soda, 
however,  being  itself  one  of  the  cheapest  salts,  there  is  little  risk 
of  its  being  intentionally  sophisticated. 

XVIII. — Sul/ihate  of  Potash, — Potasses  Suljihas,  P.  L. — Vitrio- 
lated  Tartar. 

The  purity  of  this  salt  may  be  ascertained  by  the  same  means  as 
that  of  the  former  one.  The  little  value  of  this  salt  renders  it  pretty 
secure  from  wilful  adulteration. 

XIX. — Nitrate  of  Potash, — Potassx  Nilras,  P.  L. — Mitre  or 
Salt  Petre. 

Nitrate  of  potash  is,  with  great  difficulty,  freed  entirely  from 
muriate  of  soda;  and  a  small  portion  of  the  latter,  except  for  nice 
chemical  purposes,  is  an  admixture  of  little  importance.  To  dis- 
cover muriate  of  soda,  a  solution  of  nitrate  of  silver  must  be  added 
•as  long  as  any  sediment  is  produced.  The  precipitate,  washed  and 
dried,  must  be  weighed.  Every  hundred  grains  will  denote  about 
42  i  of  muriate  of  soda. 

Sulphate  of  potash  or  soda  may  be  discovered  by  nitrate  or 
muriate  of  barytes. 

XX. — Muriate  of  Soda, — Common  Salt. 

Common  salt  is  scarcely  ever  found  free  from  salts  with  earthy 
bases,  chiefly  muriates  of  magnesia  and  lime,  which  are  contained 
in  the  brine,  and  adhere  to  the  crystals.  The  earths  may  be  pre- 
cipitated by  carbonate  of  soda,  and  the  precipitated  lime  and 
magnesia  may  be  separated  from  each  other  by  the  rules  given 
page  612. 

XXI. — Muriate  of  Ammonia, — dmmonia  Murias,  P.  L. — Sal 
Ammoniac. 

This  salt  ought  to  be  entirely  volatilized,  by  a  low  heat,  when 
laid  on  a  heated  iron.  It  sometimes  contains  sulphate  of  ammonia, 
however,  which,  being  also  volatile,  cannot  be  thus  detected,  lo 
ascertain  the  presence  of  the  latter  salt, add  the  muriate  or  nitrate 
of  barytes,  which  will  indicate  the  sulphate  by  a  copious  and  inso- 
luble precipitate. 

XXII. — Acetate  of  Potash, — Potassa  Acetas,  P.  L. 

Genuine  acetate  of  potash  is  perfectly  soluble  in  four  times  its 
weight  of  alcohol,  and  may  thus  be  separated  from  other  salts  that 
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are  insoluble  in  alcohol.  The  tartrate  of  potash  (soluble  tartar)  is 
the  adulteration  most  likely  to  be  employed.  This  may  be  disco- 
vered by  adding  a  solution  of  tartaric  acid,  which,  if  the  suspected 
salt  be  present,  will  occasion  a  copious  precipitate.  The  tartrate 
is  also  detected  by  its  forming  a  precipitate  with  acetate  ot  lead  or 
muriate  of  barytes,  soluble  in  acetic  or  muriatic  acid  ;  and  sul- 
phates by  a  precipitate  with  the  same  agents,  insoluble  in  acids. 

XXIII. — Neutral  Tartrate  of  Potash, — Potasstz  Tartar™,  P.  L. — 
Soluble  Tartar. 

This  salt  should  afford  a  very  copious  precipitate  on  adding  tar- 
tarous  acid.  The  only  salt  likely  to  be  mixed  with  it  is  sulphate 
of  soda,  which  may  be  detected  by  a  precipitate  with  muriated  ba- 
rytes, insoluble  in  diluted  muriatic  acid. 

XXIV. — Acidulous  Tartrate  of  Potash, — Potassx  Supertartras, 
P.  L. — Cream  of  Tartar. 

The  only  substance  with  which  this  salt  is  likely  to  be  adulterat- 
ed is  sulphate  of  potash.  To  determine  whether  this  be  present, 
pour,  on  about  half  an  ounce  of  the  powdered  crystals,  two  or  three 
ounce  measures  of  distilled  water;  shake  the  mixture  frequently, 
and  let  it  stand  one  or  two  hours.  The  sulphate  of  potash,  being 
more  soluble  than  the  tartrate,  will  be  taken  up  ;  and  may  be 
known  by  the  hitter  taste  of  the  solution,  and  by  a  precipitate,  on 
adding  muriate  of   baryies,  which    will  be  insoluble    in  muriatic  V 

acid. 

XXV. Compound   Tartrate    of  Soda  and  Potash, — Soda  Tar- 

tarizaia,  P.  L. — Roclulte  or  Seignetie's  Salt. 

Sulphate  of  soda,  the  only  salt  with  which  this  may  be  expected 
to  be  adulterated,  is  discovered  by  adding  to  a  solution  ot  Rochelle 
salt  the  acetate  of  lead  or  muriate  of  barytes.— The  former,  it  the 
sulphate  be  present,  affords  a  precipitate  insoluble  in  acetous  acid, 
and  the  latter  one  insoluble  in  muriatic  acid. 

XXVI.— Sulphate  of  Magnesia,— Magntsics  Sulphas,  P.  L.— 
Epsom  Salt. 

This  salt  is  very  likely  to  be  adulterated  with  sulphate  of  soda,  or 
Glauber's  salt,  which  may  be  made  to  re semblc ^™*»^»^ 
in 
to 
con 

will  ensue  en  adding  carbonate  of  potash,  it  omy  »£"£'"/'  "-" 
be  sulphate  of  soda,  detection  is  not  so  easy,  but  n  still ^ac- 
complished. For,  since  100  parts  ol  pure  sulphate  ot  magnesia 
gi      bet  v     n  thirty  and  forty  of  the  dry  carbonate,  when  complete- 
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ly  decomposed  by  carbonate  of  potash,  if  the  salt  under  examination 
afford  a  considerably  less  proportion, its  sophistication  may  be  fair- 
ly inferred:  or,  to  discover  the  sulphate  of  soda,  precipitate  all 
the  magnesia  by  pure  ammonia,  with  the  aid  of  heat.  Decant  the 
clear  liquoi  from  the  precipitate,  filter  it,  and,  after  evaporation  to 
dryness,  apply  such  a  heat  as  will  volatilize  the  sulphate  of  ammo- 
nia, when  that  of  soda  will  remain  fixed. 

Muriate  of  magnesia  or  of  lime  may  be  detected  by  the  salt  be- 
coming moist  when  exposed  to  the  air,  and  by  a  precipitation  with 
nitrafc  d  silver,  after  nitrate  of  barytes  has  separated  all  the  sul- 
phuric acid  and  magnesia.     Lime  is  discoverable  by  oxalic  acid. 

XXVU.—Sul/iAate  of  Alumine,—Alum. 

Perfectly  pure  alum  should  contain  neither  iron  nor  copper.  The 
former  is  manifested  by  adding,  to  a  solution  of  alum,  prussiate  of 
potash,  and  the  latter  by  an  excess  of  pure  ammonia. 

XXVIII.— Borate  of  Soda,— Sod  £  Boras,  P.  L.— Borax. 

Borate  of  soda,  if  adulterated  at  all,  will  probably  be  so  with 
alum  or  fused  muriate  of  soda.  To  discover  these,  borax  must  be 
dissolved  in  water,  and  its  excess  of  alkali  be  saturated  with  nitric 
acid.  Nitrate  of  barytes,  added  to  this  saturated  solution,  will  de- 
tect the  sulphuric  salt,  and  nitrate  of  silver  the  muriate  of  soda. 

XXIX. — Suljihatc  of  Iron, — Ferri  Sul/i/ias,  P.  L. — Green  Vitriol. 

If  this  salt  should  contain  copper,  which  is  the  only  admixture 
likely  to  be  found  in  it,  pure  ammonia,  added  till  a  precipitation 
ceases,  will  afford  a  blue  liquor.  Any  copper  that  may  chance  to 
be  present,  may  be  separated,  and  the  salt  purified,  by  immersing, 
in  a  solution  of  it,  a  clear  polished  plate  of  iron. 

XXX. — Glass  of  Antimony. 

A  large  quantity  of  glass  of  lead  was  lately  introduced  into  the 
London  market,  as  glass  of  antimony.  To  discover  this  criminal  im- 
position, whenever  it  may  be  practised,  the  following  distinctive  cha- 
racters of  the  two  substances  have  lately  been  described  by  Mr. 
Luke  Howard.* 

Glass  of  antimony  has  a  rich  brown  or  reddish  colour,  with  the 
usual  transparency  of  coloured  glasses.  The  glass  of  lead  is  of  a 
deeper  and  duller  colour  against  the  light;  is  much  less  transpa- 
rent ;  and  even,  in  some  samples,  quite  opake. 

The  specific  gravity  of  the  true  never  exceeds  4.95  ;  that  of  the 
spurious  or  lead  glass  is  6.95  ;  or,  in  round  numbers,  their  compa- 
rative weights  are  as  5  to  7. 

*  Philosophical  Magazine,  xxxv.  236. 
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Let  twenty  grains  be  rubbed  fine  in  a  glass  mortar,  adding  half 
an  ounce  of  good  muriatic  acid.  The  true  dissolves  with  an  hepatic 
smell  ;  the  solution  is  turbid,  but  has  no  sediment.  The  spurious 
turns  the  acid  yellow,  giving  out  an  oxymuriatic  odour,  and  leaves 
much  sediment. 

Let  a  little  of  each  solution  be  separately  dropped  into  water. 
The  true  deposits  oxide  of  antimony  in  a  copious  white  coagulum  ; 
or,  if  the  water  has  been  previously  tinged  with  sulphuret  of  am- 
monia, in  a  fine  orange  precipitate.  The  spurious  gives  no  precipi- 
tate in  water,  and,  in  the  other  liquid,  one  of  a  dark  brown  or  olive 
colour. 

A  solution  of  the  spurious  in  distilled  vinegar  has  a  sweet  taste, 
together  with  the  other  properties  of  acetate  of  lead. 

A  very  small  mixture  of  the  spurious  may  be  detected  by  its 
debasing,  more  or  less,  the  bright  orange  colour  of  the  precipitate 
thrown  down  by  the  sulphuret  of  ammonia  from  the  solution  in  any 
acid. 

The  samples  of  the  spurious,  hitherto  detected,  are  of  a  much 
thicker  and  clumsier  cast  than  the  genuine  ;  but  the  appearance  is 
not  to  be  trusted,  and  no  specimen  should  be  allowed  to  pass  with- 
outa  trial  either  of  the  specific  gravity  or  chemical  properties. 

XXXI. — Tartarizcd  Antimony, — Antimonium  Tartarizatum,  P.  L. — 

Emetic  Tartar. 

A  solution  of  this  salt  should  afford,  with  acetate  of  lead,  a  preci- 
pitate perfectly  soluble  in  dilute  nitric  acid.  A  lew  drops  ol  the 
sulphuret  of  ammonia,  also,  should  immediately  precipitate  a  gold 
coloured  sulphuret  of  antimony. 

XXXII.— Muriate  of  Mercury,—  Hijdrargyri  Oxymurias,  P.  L.~ 
Corrosive  Sublimate. 

If  there  be  any  reason  to  suspect  arsenic  in  this  salt,  the  fraud 
may  be  discovered  as  follows:  Dissolve  a  small  quantity  ot  the  sub- 
limate in  distilled  water  ;  add  a  solution  of  carbonate  of  ammonia 
till  the  precipitate  ceases,  and  filter  the  solution.  It  on  the  addi- 
tion of  a  few  drops  of  ammoniated  copper*  to  this  solution,  a  pre 
cipitate  of  a  yellowish  green  colour  is  produced,  the  sublimate  con 
tains  arsenic. 

XXXlU.Sub-muriate  of  Mercury,— Hijdrargyri  Sub-murias., 
P.  L. —  Calomel . 

Calomel  should  be  completely  saturated  with  mercury.  This  may 
be  ascertained,  by  boiling,  for  a  few  minutes,  one part  of  calomel  witD 
M  part  of  muriate  of  ammonia  (sal  ammoniac)  in  10  parts  ot  ais- 
iillcd  water.  When  carbonate  of  potash  is  added  to  the  filte.ed 
solution,  no  precipitation  will  ensue  if  the  calomel  be  pure. 

♦  Prepared  by  digesting  a  little  verdegris  in  the  solution  of  pure  ammonia 
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preparation,  when  rubbed  in  an  earthen  mortar  with  pure  ammonia, 
gfcould  become  intensely  black,  and  should  exhibit  noiiiing  of  an 
Orange  hue. 

XXXIV. — Mercury,  or  Quicksilver, — Hydrargyrus,  P.  L. 

Scarcely  any  substance  is  so  liable  to  adulteration  as  mercury, 
owing  to  the  property  which  it  possesses  of  dissolving  completely 
some  of  the  baser  metals.  This  union  is  so  strong,  that  t'n 
rise  along  with  the  quicksilver  when  distilled.  The  impurity  of 
mercury  is  generally  indicated  by  its  dull  aspect;  by  its  tarnishing 
and  becomin  ;  covered  with  a  coat  of  oxide,  on  long  exposure  to 
the  air  ;  by  ns  adhesion  to  the  surface  of  glass;  and,  when  shaken 
with  water  in  a  bottle,  by  the  speedy  formation  of  a  black  powder. 
Lead  and  tin  are  frequent  impurities,  and  the  mercury  becomes 
capable  of  taking  up  more  of  these  if  zinc  or  bismuth  be  previous- 
ly added.  In  order  to  discover  lead,  the  mercury  may  be  . 
with  a  little  water,  in  order  to  oxydize  that  metal.  Pour  off  the 
Water,  and  digest  the  mercury  with  a  little  acetous  acid.  This 
will  dissolve  the  oxide  of  lead,  which  will  be  indicated  by  a  black- 
ish precipitate  with  sulphuretted  water.  Or,  to  this  acetous  solu- 
tion, add  a  little  sulphate  of  soda,  which  will  precipitate  a  sulphate 
of  lead,  containing,  when  dry,  72  per  cent,  of  metal.  If  only  a 
very  minute  quantity  of  lead  be  present,  in  a  large  quantity  of 
mercury,  it  may  be  detected  by  solution  in  nitric  acid  and  tiie  ad- 
dition of  sulphuretted  water.  A  dark  brown  precipitate  will  ensue, 
and  will  subside  if  allowed  to  stand  a  few  days.  One  part  of  lead 
may  thus  be  separated  from  15263  parts  of  mercury.*  Bismuth 
is  detected  by  pouring  a  nitric  solution,  prepared  without  heat,  in- 
to distilled  water;  a  while  precipitate  will  appear  if  this  metal  be 
present.  Tin  is  manifested,  in  like  manner,  by  a  weak  solution  of 
nitro-muriate  of  gold,  which  throws  down  a  purple  sediment;  and 
zinc,  by  exposing  the  metal  to  heat. 

XXXV. — Red  Oxide  of  mercury, — Hydrargyri   Oxydum 
Rubrum,  P.  L. 

This  substance  is  rarely  found  adulterated,  as  it  would  be  diffi- 
cult to  find  a  substance  well  suited  to  this  purpose.  If  well  pre- 
pared, it  may  be  totally  volatilized  by  heat. 

XXXVI. — Red    Oxide   of  Mercury  by    Mtric   Acid,— Hydrargyri 
Nitrico-Oxydutn,  P.  L. — Red  Precipitate. 

This  is  very  liable  to  adulteration  with  minium,  or  red  lead. 
The  fraud  may  be  discovered  by  digesting  it  in  acetic  acid,  and 
adding  to  the  solution  sulphuretted  water,  or  sulphuret  of  ammo- 

*  See  Mr.  Accum's  valuable  papers  on  the  detection  of  adulterations,  m 
Nicholson's  Journal,  4 to. 
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nia,  either  of  which  produces,  with  the  compounds  of  lead,  a  dirty 
dark  coloured  precipitate,  k  should  also  be  totally  volatilized  by 
heat.  J 

XXXVII.—  WhUe  Oxide  of  Mercury,— Hydrargyria  Pracipitatus 
Jllbus,  P.  L. —  White  precipitate. 

White  lead  is  the  most  probable  adulteration  of  this  substance, 
and  chalk  may  also  be  occasionally  mixed  with  it.  The  oxide  of 
lead  may  be  discovered  as  in  the  last  article  ;  and  chalk,  by  adding 
to  the  dilute  solution  a  little  oxalic  acid. 

XXXVIII. — Red    Sulphuretted    Oxide   of  Mercury, — Hydrargyri 
Sulphuretum  Rubrum,  P.  /,. — Factitious  Cinnabar. 

This  substance  is  frequently  adulterated  with  red  lead,  which 
may  be  detected  by  the  foregoing  rules.  Chalk  and  dragon's 
blood  arc  also  sometimes  mixed  with  it.  The  chalk  is  discovered 
by  an  effervescence  on  adding  acetic  acid,  and  by  pouring  oxalic 
acid  into  the  acetous  solution.  Dragon's  blood  will  be  left  unvo- 
latilized  when  the  sulphuret  is  exposed  to  heat,  and  may  be  de- 
tected by  its  giving  a  colour  to  alcohol,  when  the  cinnabar  is  di- 
gested with  it. 

XXXIX. — Black  sulphuretted  Oxide  of  Mercury, — Ethiops 
Mineral. 

The  mercury  and  sulphur,  in  this  preparation,  should  be  so  in- 
timately combined,  that  no  globules  of  the  metal  can  be  discover- 
ed by  a  magnifier;  and  that,  when  rubbed  on  gold,  no  white  stain 
may  be  communicated.  The  admixture  of  ivory-black  may  be 
detected  by  its  not  being  wholly  volatilized  by  heat  ;  or,  by  boiling 
with  alkali  to  extract  the  sulphur,  and  afterwards  exposing  the  re- 
siduum to  heat  which  ought  entirely  to  evaporate. 

XL. —  Yellow    Oxide    or    Sub-sulphate    of  Mercury — Hydrargyria 
Virtriolatus,  P.  L. — Turbith  Mineral. 

This  preparation  should  be  wholly  evaporable ;  and,  when  di- 
gested with  distilled  water,  the  water  ought  not  to  take  up  any 
sulphuric  acid,  which  will  be  discovered  by  muriate  of  barytes. 

XLI.— Fused  Nitrate  of  Silver, — Argenti  Mtras,  P.  L. — 
Lunar  Caustic. 

The  most  probable  admixture  with  this  substance  is  nitrate  of 
copper,  derived  from  the  employment  of  an  impure  silver  In 
moderate  proportion  this  is  of  little  importance.  It  may  be  as- 
certained by  solution  in  water,  and  adding  an  excess  of  pure  am- 
monia, which  will  detect  copper  by  a  deep  blue  colour. 

The  watery  solution  of  lunar  causth ,  when  mingled  with  one  of 
common  salt,'  should  give  a  copious  curdy  precipitate. 
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XLII. —  White  Oxide  of  Zinc, — Zinci  Oxydum,  P.  L.— 
Flowers  of  Zinc. 

Oxide  of  zinc  may  be  adulterated  with  chalk,  which  is  discover- 
able by  an  effervescence  with  acetous  acid,  and  by  the  precipita- 
tion of  this  solution  with  oxalic  acid.  Lead  is  detected  by  adding, 
to  the  acetous  solution,  sulphuretted  water,  or  sulphuret  of  am- 
monia'. Arsenic,  to  which  the  activity  of  this  medicine  has 
sometimes  ascribed,  is  detected  also,  by  sulphuretted  water,  added 
to  the  acetous  solution  :  but  in  this  case  the  precipitate  has  a  yel- 
low colour,  and,  when  laid  on  red-hot  charcoal,  gives  first  a  smell 
of  sulphur,  and  afterwards  of  arsenic. 

XLIII — White  Oxide  of  Lead, — Plumbi  Carbonas,  P.  L.— 
White  Lead. 

This  is  frequently  sophisticated  with  chalk  ;  the  presence  of 
which  may  be  detected  by  cold  acetous  acid,  and  by  adding,  to  this 
solution,  oxalic  acid.  Carbonate  of  barytes  is  detected  by  sulphate 
of  soda  added  to  the  same  solution,  very  largely  diluted  with  dis- 
tilled water;  and  sulphate  of  barytes,  or  sulphate  of  lead,  by  the 
insolubility  of  the  ccrusse  in  boiling  distilled  vinegar. 

XL1V. — Su/ieracetate  of  Lead, — Plumbi  Su/ieracetas,  P.  L.— 
Sugar  of  Lead. 

If  the  acetate  of  lead  should  be  adulterated  with  acetate  of  lime 
or  of  barytes,  the  former  may  be  detected  by  adding,  to  a  dilute 
solution,  the  oxalic  acid  ;  and  the  latter  by  sulphuric  acid,  or  solu- 
tion of  sulphate  of  soda,  added  to  a  solution  very  largely  diluted 
with  water.  Acetate  of  lead  ought  to  dissolve  entirely  in  water, 
and  any  thing  that  resists  solution  maybe  regarded  as  an  impurity. 

XLV. — Green  Oxide,  or  Sub-acetate  of  Cofifier, — jErugo,  P.  L.— 

Verdegris. 

This  substance  is  scarcely  ever  found  pure,  being  mixed  with 
pieces  of  copper,  grape-stalks,  and  other  impurities.  The  amount 
of  this  admixture  of  insoluble  substances  may  be  ascertained  by 
boiling  a  portion  of  verdegris  with  12  or  14  times  its  weight  of  dis- 
tilled vinegar,  allowing  the  undissolved  part  to  settle,  and  ascer- 
taining its  amount.  Sulphate  of  copper  may  be  detected  by  boiling 
the  verdegris  with  water,  and  evaporating  the  solution.  Crystals 
of  acetate  of  copper  will  first  separate,  and,  when  the  solution  has 
been  farther  concentrated,  the  sulphate  of  copper  will  crystallize. 
Or,  it  may  be  discovered  by  adding  to  the  watery  solution  muriate 
of  barytes,  which  will  throw  down  a  very  abundant  precipitate. 
Tartrate  of  copper,  another  adulteration  sometimes  met  with,  is 
discovered  by  dissolving  a  little  of  the  verdegris  in  acetous  acid,  and 
adding  acetate  or  muriate  of  barytes,  which  will  afford,  with  the  tar- 
tarous  acid,  a  precipitate  soluble  in  muriatic  acid.       m 
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XLVl.— Crystallized  Acetate  of  Co/ifier, — Distilled  or  Crystallized 

Verde  grin. 

This  is  prepared  by  dissolving  the  common  verdegris  in  distilled 
vinegar,  and  crystallizing  the  solution.  These  crystals  should  dis- 
solve entirely  in  six  times  their  weight  of  boiling  water,  and  the 
solution  should  give  no  precipitation  with  solutions  of  barytes ;  for, 
if  these  solutions  throw  down  a  precipitate,  sulphate  of  copper  is 
indicated.  This  impurity,  which  I  have  frequently  met  with,  may 
be  discovered  by  evaporating  the  solution  very  low,  and  separating 
the  crystals  of  acetate  of  copper.  Farther  evaporation  and  cooling 
will  crystallize  the  sulphate,  if  any  be  present. 

XLVII. — Sub-carbonate  of  Magnesia, — Magnesite  Carbonas,  P.L. 

Carbonate  of  magnesia  is  most  liable  to  adulteration  with  chalk  ; 
and,  as  lime  forms  with  sulphuric  acid  a  very  insoluble  salt,  and 
magnesia  one  very  readily  dissolved,  this  acid  may  be  employed  in 
detecting  the  fraud.  To  a  suspected  portion  of  magnesia  add  a 
little  sulphuric  acid,  diluted  with  eight  or  ten  times  its  weight  of 
water.  If  the  magnesia  should  entirely  be  taken  up,  and  the  solu- 
tion should  remain  transparent,  it  may  be  pronounced  pure,  but 
not  otherwise.  Another  mode  of  discovering  the  deception  is  as 
follows  : — Saturate  a  portion  of  the  suspected  magnesia  with  mu- 
riatic acid,  and  add  a  solution  of  carbonate  of  ammonia.  If  any 
lime  be  present,  it  will  form  an  insoluble  precipitate,  but  the  mag- 
nesia will  remain  in  solution. 

XLVIII. — Pure  Magnesia, — Magnesia,  P.  L.— Calcined  Magnesia. 

Calcined  magnesia  may  be  assayed  by  the  same  tests  as  the  car- 
bonate. It  ought  not  to  effervesce  at  all  with  dilute  sulphuric 
acid  ;  and,  if  the  earth  and  acid  be  put  together  into  one  scale  of 
a  balance,  no  diminution  of  weight  should  ensue  on  mixing  them 
together.  It  should  be  perfectly  free  from  taste,  and,  when  di- 
gested with  distilled  water,  the  filtered  liquor  should  manifest  no 
property  of  lime-water.  Calcined  magnesia,  however,  is  very  sel- 
dom so  pure  as  to  be  totally  dissolved  by  diluted  sulphuric  acid  ; 
for  a  small  insoluble  residue  generally  remains,  consisting  chiefly 
of  siliceous  earth,  derived  from  the  alkali.  The  solution  in  sul- 
phuric acid,  when  largely  diluted,  ought  not  to  afford  any  precipi- 
tation with  oxalate  of  ammonia. 

XL1X. — S/iirit  of  Wine,  Alcohol,  and  /Ethers. 

The  only  decisive  mode  of  ascertaining  the  purity  of  spirit  of 
wine  and  of  setbers,  is  by  determining  their  specific  gravity.  High- 
ly rectified  alcohol  should  have  the  specific  gravity  ol  800  to  1000. 
Common  spirit  of  wine  837.  Sulphuric  aether.  739.  1  he  tfiirttus 
ttheris  sul/ihurki,  P.  Z,.,  or  sweet  spirit  of  vltrM,  aoottt  7d3,— ana 

4  x 


650  DETECTION   OF    ADULTERATIONS.  CHAP,  m 

nitric  auher,  the  spiritus  cethais  nitrosus,  or  sweet  spirit  of  nitre 
908.  The  aethers  ought  not  to  redden  the  colour  of  liunus,  nor 
ought  those  formed  from  sulphuric  acid  to  give  any  precipitation 
with  solution  of  barytcs. 

L. — Essential  or  Volatile  Oils. 

As  essential  oils  constitute  only  a  very  small  proportion  of  the 
vegetables  from  which  they  are  obtained,  and  bear  generally  a  very 
high  price,  there  is  a  considerable  temptation  to  adulterate  them. 
They  are  found  sophisticated,  either  with  cheaper  volatile  oils, 
with  fixed  oils,  or  with  ttie  spirit  of  wine.  The  fixed  oils  arc  dis- 
covered by  distillation  with  a  very  gentle  heat,  which  elevates  the 
essential  oils,  and  leaves  the  fixed  ones.  These  last  may,  also,  be 
detected  by  moistening  a  little  writing-paper  with  the  suspected 
oil,  and  holding  it  before  the  fire.  If  the  oil  be  entirely  essential, 
no  stain  will  remain  on  the  paper.  Alcohol,  also,  detects  the  fixed 
oils,  because  it  only  dissolves  the  essential  ones,  and  the  mixture 
becomes  milky.  The  presence  of  cheaper  essential  oils  is  disco- 
vered by  the  smell.  Alcohol,  a  cheaper  liquid  than  some  of  the 
most  costly  oils,  is  discovered  by  adding  water,  which  if  alcohol  be 
present,  occasions  a  milkiness. 


CHAPTER  III. 

USE    OF    CHEMICAL     RE-AGENTS     TO    CERTAIN    ARTISTS    AND 
MANUFACTURERS. 

TO  point  out  all  the  beneficial  applications  of  chemical  sub- 
stances to  the  purposes  of  the  arts,  would  require  a  distinct  and 
very  extensive  treatise.  In  this  place  I  have  no  farther  view  than 
to  describe  the  mode  of  detecting  adul: orations  in  certain  articles 
of  commerce  ;  the  strength  and  purity  of  which  are  essentials  to  the 
success  of  chemical  processes. 

I. — Mode  of  detecting  the  Adulteration  of  Potashes,  Pcarlashes,  and 

Barilla. 

Few  objects  of  commerce  arc  sophisticated  to  a  greater  extent 
than  the  alkalis,  to  the  great  loss  and  injury  of  the  bleacher,  and 
dyer,  the  glass-maker,  the  soap-boiler,  and  of  all  other  artists  who 
are  in  the  habit  of  employing  these  substances.  Several  methods 
of  determining  the  strength  of  alkalis  have  been  recommended  ; 
and,  in  the  former  edition  of  this  work,  I  gave,  as  the  best,  that  of 
Mr.  Kirwan,  described  in  the  Transactions  of  the  Royal  Irish  Aca- 
demy for  1789,  which  consists  in  ascertaining  the  quantity  of  alum, 
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decomposed  by  the  alkali  under  examination.  Experience,  how- 
ever, has  since  convinced  me,  that  a  more  certain  and  practicable 
mode  of  making  this  assay  is  by  means  of  diluted  sulphuric  acid, 
in  the  way  described  by  M.  Descroizilles*  with  a  minuteness  of 
detail,  which,  though  not  required  by  the  practised  chemists,  ren- 
ders the  steps  of  the  operation  much  more  intelligible  to  artists. 

The  apparatus  required  for  this  purpose  is  sufficiently  simple. 
It  consists,  1st  of  a  glass  tube,  from  five  to  six  tenths  of  an  inch 
diameter,  sealed  at  one  end,  and  inserted  at  this  end  into  a  pedes- 
tal which  keeps  it  in  a  perpendicular  position.  The  upper  and  open 
extremity  may  be  a  little  funnel-shaped,  and  provided  with  a  lip, 
for  the  convenience  of  pouring  out  fluids.  On  this  tube  is  engrav- 
ed a  scale  of  72  equal  parts,  the  first  degree  being  at  the  upper- 
most part  of  the  tube,  and  the  72cl,  of  course,  near  its  sealed  extre- 
mity. Each  degree  is  intended  to  contain  half  a  French  gramme 
(the  gramme  being  15A  English  grains  very  nearly)  of  the  acid 
test  liquor. 

The  test  liquor  is  formed  by  diluting  one  part  by  weight  of  sul- 
puric  acid,  s.  g.  1.848,t  with  nine  parts  by  weight  of  distilled  water. 
Hence  the  specific  gravity  of  the  diluted  acid  will  not  be  far  from 
1.0664,  or  very  nearly  13  degrees  of  the  instrument  called  in  this 
country  Twaddell's  hydrometer,  (from  the  artist  who  prepares  and 
sells  it  at  Glasgow). 

2dly,  Good  syrup  of  violets  is  necessary,  or  if  this  cannot  be  had, 
litmus  piper   must   be    substituted,   for  discovering  the  excess  of 
acid,  and  turmeric  paper  to  ascertain  a  redundancy  of  alkali. 
3dly,  A  small  balance  and  weights. 
4thly,  A  measure  containing  3.05  cubic  inches. 
5thly,  A  glass  bottle  with  an  elongated  neck,  of  such  a  capacity, 
that  6.1  cubic  inches  will  fill  it  up  to  some  part  of  the  neck,  where 
a  mark  is  to  be  made  with  a  file. 

6thly,  Small  glass  stirring  rods,  or  slips  of  wood  about  the  size  of 
common  matches. 

7thly,  A  metal  mortar  and  pestle,  a  small  bottle  of  water,  a  tum- 
bler glass,  and  a  plate. 

As  an  example,  of  the  use  of  this  apparatus,  let  us  suppose  that 
we  wish  to  assay  a  sample  of  American  pearlash.  Reduce  to  pow- 
der a  sufficient  quantity  of  the  alkali  to  serve  as  a  fair  average 
specimen  ;  and  of  Ibis,  put  154.5  grains  into  the  small  bottle  already 
described,  and  add  water  either  warm  or  cold,  so  as  to  fill  about 
three  fourths  of  its  capacity.  Let  its  contents  be  agitated  till  the 
solution  is  complete,  and  filter  through  paper.  _ 

Of  the  clear  solution,  take  3.05  cubic  inches  and  pour  it  into  a 
common  tumbler.  Then  distribute  all  round  the  edge  of  the  plate, 
drops  of  the  syrup  of  violets,  by  means  of  one  of  the  small  wooden 
rods.  Next,  pour  diluted  acid  into  the  tube  to  the  line  marked  0  ; 
and  taking    the    tube    in   the  left    hand,    add    the    liquor,    which 

|  Or  mherl.842?for  tbie  densitv,  according  to  Vuiquelin  corresponds  with 
6°  of  the  ariomttrt,  at  55°  Fahrenheit;  vid.  76  Ann.  de  Oh.  lou 
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it  contains,  very  slowly  to  the  alkaline  solution  in  the  tumbler,  Mir 
ring  all  the  while  with  one  of  the  wooden  rods,  ami  ii  1  si  uuing  tlu«> 
rod,  to  remove  the  drop,  which  adheres  10  the  lip  of  the  tube. 
When  the  acid  is  lowered  in  the  tube  to  about  the  4uth  degree, 
it  is  proper  to  try  if  the  alkali  be  neutralized,  by  taking  a  drop  on 
the  end  of  a  glass  or  wooden  rod,  and  mixing  it  with  one  of  the 
drops  of  syrup  of  violets.  Or,  if  that  test  liquor  cannot  be  bad,  ihc 
liquor  in  the  tumbler  may  be  assayed,  by  slips  of  litmus  and  tur- 
meric papers.  By  doing  this  repeatedly,  the  precise  point  of  satu- 
ration will  be  at  length  attained  ;  and  the  number  on  the  tube,  cor- 
responding with  the  level  of  the  remaining  acid,  will  show  the 
strength  of  the  alkali.  The  mean  strength  of  several  varieties  ol 
potash  was  found  to  be  55,  showing  that  they  require  55  hundredths 
of  their  weight  of  concentrated  sulphuric  acid  for  saturation. 

When  soda  or  barilla  is  submitted  to  experiment,  it  is  necessary 
to  make  the  solution  by  means  of  hot  water  ;  and  in  all  cases,  it  is 
advisable  to  repeat  the  experiment  on  some  of  the  liquor  which  has 
been  reserved ;  using,  in  the  second  trial,  one  fourth  or  some  other 
aliquot  part  of  the  whole. 

The  following  table  shews  the  strength  of  some  alkalis  of  com- 
merce, commonly  met  with  in  France. 

Degrcis. 

American  pearlash,  1st  sort 60  to  63 

American  potash  in  reddish  masses,  1st  ditto     .     .     .  60  to  63 

American  pearlash,  2d  sort 50  to  55 

American  potash  in  greyish  masses,  2d  ditto      .     .     .  50  to  55 

White  Russian  potash 52  to  58 

White  Dantzick  ditto 45  to  52 

Blue  Dantzick  potash 45  to  52 

Alicant  barilla 20  to  33 

Crystals  of  soda  of  commerce 36 

Natron  (kelp  ?) 20  to  33 

Barilla  and  natron  (kelp?)  inferior 10  to  15 

II. — Mode  of  detecting  the  Adulteration  of  Manganese. 

In  the  section  on  drugs,  instructions  may  be  found  for  discovering 
impurities  in  several  chemical  preparations,  employed  by  the  artist, 
as  cerusse  or  white  lead,  red  lead,  verdegris,  Sec.  No  rules,  how- 
ever, have  been  given  for  examining  manganese,  which  is  a  sub- 
stance that  varies  much  in  quality,  and  is  often  sophisticated  ;  as 
the  bleachers  experience,  to  their  no  small  disappointment  and 
loss. 

The  principal  defect  of  manganese  arises  from  the  admixture  of 
chalk,  which  is  not  always  an  intentional  adulteration,  but  is  some- 
times found  united  with  it,  as  it  occurs  in  the  earth.  When  to  this 
impure  manganese  mixed  with  muriate  of  soda,  the  sulphuric  acid 
is  added,  the  materials  effervesce  and  swell  considerably,  and  a 
large  proportion  passes  into  the  receiver;  inconsequence  of  which 
the  bleaching  liquor  is  totally  spoiled.     This  accident  has,  to  my 
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knowledge,  frequently  happened,  and  can  only  be  prevented  by  so 
slow  and  cautious  an  addition  of  the  acid,  as  is  nearly  inconsistent 
with  the  business  of  an  extensive  bleaching  work.  The  presence 
of  carbonate  of  lime  may  be  discovered  in  manganese,  by  pouring, 
on  a  portion  of  this  substance,  nitric  acid  diluted  with  8  or  10  parts 
of  water.  If  the  manganese  be  good,  no  effervescence  will  ensue, 
nor  Mill  the  acid  dissolve  any  thing;  but,  if  carbonate  of  lime  be 
present,  it  will  be  taken  up  by  the  acid.  To  the  solution  add  a 
sufficient  quantity  of  carbonate  of  potash  to  precipitate  the  lime, 
wash  the  sediment  with  water,  and  dry  it.  Its  weight  will  show 
how  much  chalk  the  manganese  under  examination  contained. 

Another  adulteration  of  manganese,  that  may,  perhaps,  be  some- 
times practised,  is  the  addition  of  some  ores  of  iron.  This  im- 
purity is  less  easily  discovered.  But  if  the  iron  be  in  such  a  state 
of  oxydation  as  to  be  soluble  in  muriatic  acid,  the  following  pro- 
cess may  discover  it.  Dissolve  a  portion,  with  the  assistance  of 
heat,  in  concentrated  muriatic  acid,  dilute  the  solution  largely 
with  distilled  water,  and  add  a  solution  of  crystallized  carbonate  of 
potash.  The  manganese  will  remain  suspended,  by  the  excess  ol 
carbonic  acid,  on  mixing  the  two  solutions,  but  the  iron  will  be 
precipitated  in  the  state  of  a  coloured  oxide. 

From  an  observation  of  Klaproth,*  it  appears  that  oxides  of  iron 
and  manganese  are  separable  by  nitrous  acid  with  the  addition  of 
sugar,  which  takes  up  the  manganese  only. 


CHAPTER  IV. 

APPLICATION   OF   CHEMICAL  TESTS  TO  THE   USES  OF  THE 
FARMER   AND   COUNTRY    GENTLEMAN. 

THE  benefits  that  might  be  derived  from  the  union  of  chemical 
skill,  with  the  extensive  observation  of  agricultural  facts,  are,  per- 
haps, incalculable.  At  present,  however,  the  state  of  knowledge 
among  farmers  is  not  such  as  to  enable  them  to  reap  much  advan- 
tage from  chemical  experiments;  and  the  chemist  has,  himself, 
scarcely  ever  opportunities  of  applying  his  knowledge  to  practical 
purposes  in  this  way.  It  may,  perhaps,  however,  be  ol  use,  to  offer 
a  few  brief  directions  for  the  analysis  of  marls,  hme-sionc,  &c. 


SECTION  I 

Lime. 

It  is  impossible  to  lay  down  any  general  rules  respecting  the  fit- 
ness of  lime  for  the  purposes  of  agriculture;  because  much  must 

*  Essays,  vol  i.  page  572 


654 


ANALYSIS.    OF    LIME. 


CHAP.   I\ 


depend  on  the  peculiarities  of  soil,  exposure,  and  other  circum- 
stances. Hence  a  species  of  lime  may  be  extremely  well  adapted 
for  one  kind  of  land  and  not  for  another.  All  that  can  be  accom- 
plished by  chemical  means  is  to  ascertain  the  degree  of  purity  of 
the  lime,  and  to  infer,  from  this,  to  what  kind  of  soil  it  is  best 
adapted.  Thus  a  lime,  which  contains  much  argillaceous  earth,  is 
better  adapted  than  a  purer  one  to  dry  and  gravelly  soils  ;  and  stiff 
clayey  lands  require  a  lime  as  free  as  possible  from  the  argillace 
ingredient. 

To  determine  the  purity  of  lime,  let  a  given  weight  he  dissolv- 
ed in  diluted  muriatic  acid.  Let  a  little  excess  of  acid  be  added, 
that  no  portion  may  remain  undissolved  owing  to  the  deficiency  of 
the  solvent.  Dilute  wiih  distilled  water;  let  the  insoluble  pan,  if 
any,  subside,  and  the  clear  liquor  be  decanted.  Wash  the  sediment 
with  farther  portions  of  water,  and  pour  it  upon  a  filter,  previously 
weighed.  Dry  the  filter  and  ascertain  its  increase  of  weight,  which 
will  indicate  how  much  insoluble  matter  the  quantity  of  lime  sub- 
mitted to  experiment  contained.  It  is  easy  to  judge  by  the  external 
qualities  of  the  insoluble  portion,  whether  argillaceous  earth  abounds 
in  its  composition. 

There  is  one  earth,  however,  lately  found  in  several  limestones, 
which  is  highly  injurious  to  the  vegetation  of  plants,  and  is  not 
discoverable  by  the  foregoing  process,  being,  equally  with  lime,  so- 
luble in  muriatic  acid.  This  earth  is  magnesia,  which,  by  direct 
experiments,  has  been  ascertained  to  be  extremely  noxious  to 
plants.  Mr.  Tennant,  the  gentleman  to  whom  we  owe  this  fact,  was 
informed,  that  in  the  neighbourhood  of  Doncaster  two  kinds  of  lime 
were  employed,  one  of  which  it  was  necessary  to  use  very  sparingly, 
and  to  spread  very  evenly  ;  for  it  was  said,  that  a  large  proportion, 
instead  of  increasing,  diminished  the  fertility  of  the  soil  ;  and  that, 
whenever  a  heap  of  it  was  left  in  one  spot,  all  fertility  was  prevent- 
ed for  many  years.  Fifty  or  sixty  bushels  on  an  acre  were  consider- 
ed to  be  as  much  as  could  be  used  with  advantage.  The  other  sort  of 
lime,  which  was  obtained  from  a  village  near  Ferrybridge,  though 
considerably  dearer,  fom  the  distant  carriage,  was  more  frequently 
employed,  on  account  of  its  superior  utility.  A  large  quantity  was 
never  found  to  be  injurious;  and  the  spots  which  were  covered 
with  it,  instead  of  being  rendered  barren,  became  remarkably  fer- 
tile. On  examining  the  composition  of  these  two  species  of  lime, 
the  fertilizing  one  proved  to  consist  entirely  of  calcareous  earth, 
and  the  noxious  one  of  three  parts  lime  and  two  magnesia. 

The  presence  of  magnesia  in  lime  proved,  on  farther  investiga- 
tion, to  be  a  very  common  occurrence.  The  magnesian  lime-stone 
appears  to  extend  for  thirty  or  forty  miles  from  a  little  south-west 
of  Worksop,  in  Nottinghamshire,  to  near  Ferrybridge,  in  York- 
shire, and  it  has  also  been  found  at  Breedon  and  Matlock,  in  Derby- 
shire. 

The  magnesian  lime-stone,  according  to  Mr.  Tennant,  may  easi- 
ly be  distinguished  from  that  which  is  purely  calcareous,  by  the 
slowness  of  its  solution  in  acids,  which  is  so  considerable,  that  even 
the  softest  kind  of  the  former  is  much  longer  in   dissolving  than 
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marble.  It  has  also  frequently  a  crystallized  structure,  and  some- 
times, though  not  always,  small  black  dots  may  be  seen  dispersed 
through  it.  In  the  countries  where  this  lime-stone  is  found,  the 
lime  is  generally  distinguished,  from  its  effects  in  agriculture,  by 
the  farmers,  as  hot  lime,  in  opposition  to  the  purely  calcareous, 
which  they  term  mild. 

To  ascertain,  by  chemical   means,  the   composition  of  a  lime  or 
lime-stone   suspected    to   contain    magnesia,   the    following  is  the 
easiest,  though  not  the  most  accurate,  process.  Procure  a  Florence 
flask,  clean  it  well  from  oil  by  a  little  soap-lees  or  salt  of  tartar  and 
quicklime  mixed,  and  break  it  off',  about  the  middle  of  the  body,  by 
setting  fire  to  a  string  tied  round  it  and  moistened  with  oil  of  tur- 
pentine.    Into  the  bottom  part  of  this   Husk   put  100  grains  of  the 
lime  or  lime-stone,  and  pour   on  it,  by  degrees,   half  an  ounce  of 
strong  sulphuric  acid.     On  each  affusion  of  acid  a  violent  efferves- 
cence  will  ensue  ;  when  this  ceases,  stir   the  acid  and  lime  toge- 
ther with  a  small  glass  tube,  or  rod,  and  place  the  flask   in  an  iron 
pan,  filled  with  sand.     Set  it  over  the  fire,  and   continue   the  heat 
till  the  mass  is  quite  dry.     Scrape  off  the  dry  mass,   weigh  it,  and 
put  it  into  a  wine  glass,  which  may  be  filled  up  with    water.     Slit 
the  mixture,  and  when  it  has  stood  half  an  hour,  pour  the  whole  on 
a  filtering-paper,    placed  on    a    funnel,  and    previously    weighed 
Wash  the  insoluble  part  with  water,  as  it  lies  on  the  filter,  and  add 
the  washings  to  the  filtered  liquor.     To  this   liquor  add  a  solution 
of  half  an  ounce  of  salt  of  tartar  in  water,  when,  if  magnesia  be  pre- 
sent, a  very  copious  white  sediment  will  ensue,  if  lime  only,  mere 
ly  a  slight  milkiness.  In  the  former  case,  heat  the  liquor  by  setting 
it  in  a  tea-cup  near  the  fire  ;  let  the  sediment  subside  ;  pour  off  the 
clear  liquor,  which  maybe  thrown  away,  and  wash  the  white  pow 
der  repeatedly  with  warm  water.     Tl.  :n  pour  it  on  a  filter  of  paper, 
the  weight  of  which  is  known,  dry  it,  and  weigh.     The  result,  if 
the  lime-stone  has  been  submitted  to  experiment,  shows  how  much 
carbonate  of  magnesia   was  contained  in  the  original  stone,  or,  de- 
ducting 60  per  cent.,  how  much  pure  magnesia    loo  parts  of  the 
lime-stone  contained.     If  the  burnt   lime    has    been   used,  deduct 
from  the  weight  of  the  precipitate  60  per  cent.,  and  the  remainder 
will  give  the  weight  of  the  magnesia  in  each  100  grains  of  the  burn' 
lime. 


SECTION  II. 

Analysis  of  Marls. 

The  ingredient  of  marls,  on  which  their  fitness  for  agricultural 
purposes  depends,  is  the  carbonate  of  lime.  It  is  owing  to  the  pre- 
sence of  this  earth  that  marls  effervesce  on  the  addition  of  acids, 
which  is  one  of  their  distinguishing  characters.  In  ascertaining 
whether  an  effervescence  takes  place,  let  the  marl  be  put  into  a. 
glass,  partly  filled  with  water,  which  will  expel  a  portion  of  air 
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contained  mechanically  in  the  marl,  and  thus  obviate  one  source  of 
fallacy.  When  the  marl  is  thoroughly  penetrated  by  the  water,  add 
a  little  muriatic  acid,  or  spirit  of  salt.  If  a  discharge  of  air  should 
ensue,  the  marly  nature  of  the  earth  is  sufficiently  established. 

To  find  the  composition  of  a  marl,  pour  a  few  ounces  of  diluted 
muriatic  acid  into  a  Florence  flask,  place  them  in  a  scale,  and  let 
them  be  balanced.  Then  reduce  a  few  ounces  of  dry  marl  into 
powder,  and  let  this  powder  be  carefully  and  gradually  thrown  into 
the  flask,  until,  after  repeated  additions,  no  farther  effervescence  is 
perceived.  Let  the  remainder  of  the  powdered  marl  be  weighed, 
by  which  the  quantity  projected  will  be  known.  Let  the  balance  be 
then  restored.  The  difference  of  weight  between  the  quantity  pro- 
jected and  that  requisite  to  restore  the  balance,  will  show  the 
weight  of  air  lost  during  effervescence.  If  the  loss  amount  to  13 
per  cent,  of  the  quantity  of  marl  projected,  or  from  13  to  32  per 
cent.,  the  marl  assayed  is  calcareous  marl,  or  marl  rich  in  calcareous 
earth. 

Clayey  marls,  or  those  in  which  the  argillaceous  ingredient  pre- 
vails, lose  only  8  or  10  per  cent,  of  their  weight  by  this  treatment, 
and  sandy  marls  about  the  same  proportion.  The  presence  of  much 
argillaceous  earth  may  be  judged  by  drying  the  marl,  after  being 
washed  with  spirit  of  salt,  when  it  will  harden  and  form  a  brick. 

To  determine,  with  still  greater  precision,  the  quantity  of  calca- 
reous earth  in  a  marl,  let  the  solution  in  muriatic  acid  he  filtered, 
and  mixed  with  a  solution  of  carbonate  of  potash,  till  no  farther  pre- 
cipitation appears.  Let  the  sediment  subside,  wash  it  well  with 
water,  lay  it  on  a  filter,  previously  weighed,  and  dry  it.  The  weight 
of  the  dry  mass  will  show  how  much  carbonate  of  lime  the  quantity 
of  marl  submitted  to  experiment  contained. 


APPENDTX, 


CONSISTING    OF 


VARIOUS  USEFUL  TABLES. 


No.  I. 

CORRESPONDENCE    BETWEEN    ENGLISH    AND    FOREIGN    WEIGHTS 
AND    MEASURES. 


I.— .English  Weights  and  Measures. 


Troy  Weight. 

Pound. 

Ounces.    Drms.    Scruples.    Grains.         Grammes. 

1 

—        12  —  96  ZZ   288  ZZ  5760  —  372.96 

1   —     8  —     24  r     480  —     31.08 

1  —       3  —        60  —        3.885 

- 

1   z        20  ZZ        1-295 

1  ZZ       0.06475 

Avoirdupois  Weight. 

Pound.  Ounces.    Dims.       Grains.  Grammes. 

1        —        16  —  2:>6  ZZ  7000  ZZ  453.25 

1   =      16  ZZ     437.5  ZZ     28.328 

1   ZZ        27.34375  ZZ        1.7705 

Measures. 

Gal.  Pints.  Ounces.       Dims.    Cub.  Inch.  Litres. 

1  ZZ         8  ZZ    128  ZZ   1024  ZZ  231  ZZ  3.78515 

1  ZZ      16  ZZ      128  ZZ     28.875     ZZ  0.47398 

1   =  8  ZZ         18047   ZZ  0.02957 

1   ZZ       0.2256  ZZ  0.00396 

N.B.— The  English  ale-gallon  contains  282  cubical  inches. 
The  wine  gallon  contains  58176  Troy  grains;  and  the  wine  pint 
272  Troy  grains. 

a* 
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II. — German. 


71  lbs.  or  grs.  English  troy,  IZ  74   lbs.    or   grs.    German 

apothecaries  weight. 
1  oz.  Nuremberg,  medic,  weight,   ~  7  dr.  2  sc.  9  gr.  English. 

1  mark  Cologne, i:  7  oz.  2  dwt.  4  gr.  English 

troy. 

III.— Dutch. 

1  lb.  Dutch,      zz  1  lb.  3  oz.  16  dwt.  7gr.  English  troy. 

787^  lbs.  Dutch,     ZZ     1038  lbs.  English  troy. 

IV. — Swedish    Weights    and    Measures,    used    by    Bergman    and 

Scheele. 

The  Swedish  pound,  which  is  divided  like  the  English  apothe- 
cary, or  troy,  pound,  weighs  6556  grs.  troy. 

The  kanne  of  pure  water,  according  to  Bergman,  weighs  42250 
Swedish  grains,  and  occupies  100  Swedish  cubical  inches.  Hence 
the  kanne  of  pure  water  weighs  48088.719444  English  troy  grains, 
or  is  equal  to  189.9413  English  cubic  inches;  and  the  Swedish 
longitudinal  inch  is  equal  to  1.238435  English  longitudinal  inches. 

From  these  data,  the  following  rules  are  deduced  : 

1.  To  reduce  Swedish  longitudinal  inches  to  English,  multiply 
by  1.2384,  or  divide  by  0.80747. 

2.  To  reduce  Swedish  to  English  cubical  inches,  multiply  by 
1.9,  or  divide  by  0.5265. 

3.  To  reduce  the  Swedish  pound,  ounce,  dram,  scruple,  or  grain, 
to  the  corresponding  English  troy  denomination,  multiply  by  1.1382, 
or  divide  by  .8786. 

4.  To  reduce  the  Swedish  kannes  to  English  wine  pints,  multi- 
ply by  .I520207,oi  divide  by  6.57805. 

5.  To  reduce  Swedish  kannes  to  English  wine  gallons,  multiply 
by  .82225,  or  divide  by  1.216. 

6.  The  lod,  a  weight  sometimes  used  by  Bergman,  is  the  32d  part 
of  the  common  Swedish  pound  of  16oz.  and  the  24lh  part  of  the 
pound  of  12  oz.  Therefore  to  reduce  it  to  the  English  troy  pound, 
multiply  by  .03557,  or  divide  by  28.1156. 

V. — Correspondence  of  English  Weights  and  Measures  with  those 
used  in  France  be/ore  the  Revolution. 

§   1.— WEIGHTS. 

The  Paris  pound,  fioids  de  marc  of  Charlemagne,  contains  9216 
Paris  grains;  it  is  divided  into  16  ounces,  each  ounce  into  8  gros, 
and  each  gros  into  72  grains.  It  is  equal  to  7561  English  troy 
grains. 

The  English  troy  pound  of  12  ounces  contains  5760  English  troy- 
grains,  and  is  equal  to  7021  Paris  grains. 

The  English  avoirdupois  pound  of  16  ounces  contains  7000  Eng- 
lish troy  grains,  and  is  equal  to  8532.5  Paris  grains. 


OLD    FRENCH    MEASURES.  ill 


To  reduce  Paris  grains  to  English  troy  grains, 


ins,  ~] 
ins,    f 


divide  by    . 
To  reduce  English  troy  grains  to  Paris  grains,    f 

muliply  by J 

To    reduce    Paris   ounces    to    English    troy,  "l 

divide  by ' 

To   reduce    English   troy    ounces    to    Paris,    ' 


^>  1.01 


multiply  by 

Or  the   conversion  may  be  made  by  means  of  the  following 
tables : 

1. — To  reduce  French  to  English  Troy  Weight. 

The  Paris  pound    ZZ       7561  "J 

The  ounce  ~         472.5625    [    -c.     ,.  ,   , 

Thegros  =  59.0703    J>  English  troy  grains. 

The  grain  ZZ  .8204  J 

2.— -To  reduce  English  Troy  to  Paris   Weight. 

The  English  troy  pound  of  12  £    "*) 

ounces    $ 

The  Troy  ounce ZZ  585.0833    | 

The  dram  of  60  grains      .     .     .  ZZ  73.1354    1    p    . 

The  penny-weight  or  denier  of  }    29  2541     ' 

24  grains 5 

The  scruple  of  20  grains      .     .  ZZ  24.3784    | 

The  grain ZZ  1.2189  J 

3. —  To  reduce  English  Avoir dufiois  to  Paris  Weight. 


Paris  grains 


The  avoirdupois  pound  of  16    £      8538. 


ounces,  or' 7000  troy  grains   $  °3J  >  Paris  grains. 

The  ounce ZZ     533.6250   J 


§  II. LONG    AND    CUBICAL    MEASURES. 

To  reduce  Paris  running  feet,  or  inches,   into  "j 

English,  multiply  by       •"-•'•.••  J    .*  ^>  1.065977 

English    running    feet,    or  inches,   into    Paris,  j 

divide  by •     •     •  J 

To  reduce  Paris  cubic  feet,  or  inches,  to  English,  j 

multiply  by        •    ;  ;>  1.211278 

English     cubic     feet,      or     inches,     to     Pans,  . 

divide  by J 

Or  by  means  of  the  following  tables  : 

4._ To  reduce  Paris  Long  Measure  to  English. 

The  French  toisc  ZZ  6.3945  English  feet. 

The  Paris  royal  foot  of  12  inches  ZZ  12.79/7    j 

The  inch =     l066Ql    }>  English  inches. 

The  line,  or  l-12th  of  an  inch  .     ZZ       .088b    , 
The  1-1 2th  of  aline    .     .  •     =       .0074  J 
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5.-_7'o  reduce  English  Long  Measure  to  French. 

The  English  foot =Z  112596 

The  inch =       -9383 

The  l-8thof  an  inch     .    '.     .     .  —       -H73    >  Paris  inches. 

The  l-10th ZZ       -0938 

The  1.12th =       .0782 

6. — To  reduce  French  Cube  Measure  to  English. 

The  Paris  cube   >  i.aiiars    f   En^,is,h    f  2093.088384  1  . 

foot    ...      5  "S    cubical     <  s.  in. 

The  cubic  inch  .     zz     .000700   ^  feet,  or     (_         1.211278  J 

7.— To  reduce  English  Cube  Measure  to  French* 

The  English  cube  foot,  or   )  _  l4274864  ~) 

1728  cubical  inches     •      S  """  L  French  cubical 

The  cubical  inch      .     .     .     .  ZZ  .8260    j  inches. 

The  cube  tenth ZZ  .0008  J 

§  III. MEASURE    OF    CAPACITY. 

The  Paris  pint  contains  58. 145  t  English  cubical  inches,  and  the 
English  wine  pint  contains  28.875  cubical  inches  ;  or,  the  Paris 
pini  contains  2.0171082  English  pints,  and  the  English  pint  contains 
.49617  Paris  pints  ;  hence, 

To   reduce    the    Paris    pint    to  the    English,  ") 

multiply  by f      2  0171082 

To  reduce  the  English  pint  to  the  Paris,  \ 
divide  by J 

The  septier  of  Paris  is  7736  French,  or  9370.45  English,  cubical 
inches;  and  the  muid  is  92832  French,  or  112445.4  English  cubical 
inches. 

*  To  convert  the  weight  of  a  French  cubic  foot,  of  any  particular  substance 
given  in  French  grains,  into  the  corresponding  weight  of  an  English  cubic  foot 
in  English  troy  grains,  multiply  the  French  grains  by  0.6773181,  and  the  product 
is  the  number  of  English  troy  grains  contained  in  an  English  cubic  foot  of  the 
same  substance. 

t  It  is  said  by  Belidor,  Jirchit.  Hydraul,  to  contain  31  oz.  64grs.  of  water, 
which  makes  it  58.075  English  inches ;  but,  as  there  is  considerable  uncertainty 
in  the  determinations  of  the  weight  of  the  French  cubical  measure  of  water, 
owing  to  the  uncertainty  of  the  standards  made  use  of,  it  is  better  to  abide  by 
Mr.  Everard's  measure,  which  was  made  by  the  Exchequer  standards,  and  by 
the  proportions  of  the  English  and  French  foot,  as  established  by  the  French 
Academy  and  Royal  Society. 

According  to  Beaume.the  Paris  pint  contains  32  French  ounces  of  water,  at 
the  temperature  of  54.5°  of  Fahrenheit ;  which  would  make  it  equal  to  59729 
English  cubical  inches. 


FRENCH    AND    ENGLISH    GRAINS. 


VI. —  Table  showing  the  Comparison  between  French  and  English 
Grains.     (Poid  de  Marc.) 


French  gis.  = 

English  grs. 

Fnglish  grs  = 

French  gis. 

*  1  I 

0.8203 

1 

1.2189 

2 

1.6407 

2 

2.4378 

3 

2.4611 

3 

3.6568 

4 

3.2815 

4 

4.8757 

5 

4.1019 

5 

6.0947 

6 

4  9223 

6 

7.3136 

7 

5.7427 

7 

8.5325 

8 

6.5631 

8 

9.7515 

9 

7.3835 

9 

109704 

10 

8.203 

10 

12.189 

20 

16.407 

20 

24.378 

30 

24.611 

30 

36.568 

40 

32.815 

40 

48.757 

50 

41.019 

50 

60.947 

60 

49.223 

60 

73.136 

70 

57.427 

7> 

85.325 

80 

65.631 

80 

97.515 

90 

73.835 

90 

109.704 

100 

82.03 

100 

121.89 

200 

164.07 

200 

243.78 

300 

246.11 

300 

365.68 

400 

328.15 

400 

487.57 

500 

410.19 

500 

609.47 

600 

492.23 

600 

731.36 

700 

574.27 

700 

85  3.25 

800 

656.31 

800 

975.15 

900 

738.35 

900 

1097.04 

1000 

820.3 

1000 

1218.9 

2000 

1640.7 

2000 

2437.8 

3000 

2461.1 

3000 

3656.8 

4000 

3281.5 

4000 

4875  7 

5000 

4101.9 

5000 

6094.7 

6000 

4922.3 

6000 

7313.6 

7000 

5742.7 

7000 

8532.5 

8000 

6563.1 

8000 

9751.5 

9000 
*  10,000 

7383.5 
8203.0 

9000 
10,000 

10970.4 
12189.0 

*  /'■    Farev,  (Nicholson's  Journal,  nii    338.) 1  grain  French  =  0.8204 
English  ;  10,000  ditto  =  8204  ditto. 
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VII. — Table  showing  the   Comfiarison  between  French  and  Eng- 
lish Cubical  Inches. 


Cubic  Inches. 

Cttbic  Inches. 

French.  =  English. 

English.  =  French. 

1 

1.2136 

1 

0.8239 

2 

2.4272 

2 

1.6479 

3 

3.6408 

3 

2.4719 

4 

4.8544 

4 

3.2958 

5 

6.0681 

5 

4.1198 

6 

7.2817 

6 

4.9438 

7 

8.4953 

7 

5.7677 

8 

9.7089 

8 

6.5917 

9 

10.9225 

9 

7.4157 

10 

12.136 

10 

8.239 

20 

24.272 

20 

16.479 

30 

36.408 

30 

24.719 

40 

48.544 

40 

32.958 

50 

60.681 

50 

41.198 

60 

72.817 

60 

49.438 

70 

84.953 

70 

57.677 

80 

97.089 

80 

65.917 

90 

109.225 

90 

74.157 

100 

121.36 

100 

82.39 

200 

242.72 

200 

164.79 

300 

364.08 

300 

247.19 

400 

485.44 

400 

329.58 

500 

606.81 

500 

411.98 

600 

728.17 

600 

494.38 

700 

849.53 

700 

576.77 

800 

970.89 

800 

659.17 

900 

1092.25 

900 

741.57 

1000 

1213.6 

1000 

823.9 

2000 

2427.2 

2000 

1647.9 

3000 

3640.8 

3000 

2471.9 

4000 

4854.4 

4000 

3295.8 

5000 

6068.1 

5000 

4119.8 

6000 

7281.7 

6000 

4943.8 

7000 

8495.3 

7000 

5767-7 

8  GOO 

9708.9 

8000 

65917 

9000 

10922.5 

9000 

7415.7 

10,000 

12136.0 

10,000 

8239.0 

NEW    FRENCH    MEASURES. 


VIII. — New   French    Weights    and  Measures  {calculated    by    Dr. 
Duncan.)  jun.) 


1.— Measures  of  Length  :  the  Metre  being  at  32°, 
and  the  Foot  at  62°. 


English  inches. 

Millimetre 

-~ 

.03937 

Centimetre 

.39371 

Decimetre 

~~~ 

3.93710 

Metre 

39.37100 

Mil. 

Fur. 

Yds. 

Feet.    In. 

Decametre 

~~~ 

393.71000 

—    o 

0 

10 

2       9.7 

Hecatometre 

— 

3937.10000 

zz    o 

0 

109 

1        1 

Kilometre 

^^ 

39371.00000 

zz    o 

4 

213 

1      10.2 

Mvriometre 

ZZ 

393710.00000 

IT     6 

1 

156 

0        6 

2. — Measures  of  Capacity. 


Millilitrc 

Centilitre 

Decilitre 

Litre 

Decalitre 

Hecatolitre 

Kilolitre 

Myriolitre 


Milligramme 

Centigramme 

Decigramme 

Gramme 

Decagramme 

Hecatogramme 

Kilogramme 

Myriogramme 


Cubic  inches. 

.06103 

.61028 

6.10280 

61.02800 

610.28000 

6102.80000 

61028.00000 

610280.00000 


English. 
Tons.  Hogs.  Wine  G. 


0 
0 
0 
1 
10 


0. 

2. 
26.419 
12.19 

58.9 


3, — Measures  of  Weight. 


English  grains. 

.0154 

.1544 

1.5444 

15.4440 

154.4402 

1544.4023 

15444.0234 

154440.2344 


Pints. 
2.1133 
5.1352 


Avoirdupois. 
Poun.    Oun.      Dram. 
0  0  5.65 

0  3  8.5 

2  3  5 

22  1  2 
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\&,— .Reduction  of  the  Ounce  Measures  used  by  Dr.  Priettlty  to 
Cubical  Inches. 

<  unce  French  cubical  English  cubical 

Mi  ^sures.  Indies.  Inches. 

1  1  567  1.898 

2  3  134  3.796 

3  4.701  5.694 

4  6.268  7.592 

5  7.835  9.490 

6  9  402  11.388 

7  10.969  13  286 

8  12.536  15.184 

9  14.103  17.082 
10  15.670  18.980 
20  31  340  37.960 
30  47.010  56.940 
40  62.680  75  920 
50  78.3^0  94.900 
60  94.020  113.880 
70  109.690  132.860 
80  125.360  151.840 
90  141.030  170.820 

100  156.700  189.800 

1000  1567.000  1898.000 

X. — Rules  for  reducing  the  Volume  of  Gases  to  a  mean  Height  of 
the  Barometer,  and  mean  Temperature. 

1.  From  the  space  occu/iied  by  any  quantity  of  gas  under  an  ob- 
served degree  of  pressure,  to  infer  what  its  volume  would  be  under 
tin  mean  height  of  the  barometer,  taking  this  at  30  inches,  as  is  now 
?nost  usual. 

This  is  done  by  the  rule  of  proportion  ;  for,  as  the  mean  height 
is  to  the  observed  height,  so  is  the  observed  volume  to  the  volume 
required.  For  example,  if  we  wish  to  know  what  space  would  be 
filled,  under  a  pressure  of  30  inches  of  mercury,  by  a  quantity  of 
gas,  which  fills  100  inches,  when  the  barometer  is  at  29  inches, 

30     :      29      :  :      100     :      9G.66. 

The  100  inches  would,  therefore,  be  reduced  to  96.66. 

2.  To  estimate  what  would  be  the  volume  of  a  portion  of  gas,  if 
brought  to  the  temperature  of  60°  Fahrenheit. 

Divide  the  whole  quantity  of  gas  by  480  j  the  quotient  will  show 
the  amount  ol  its  expansion  or  contraction  by  each  degree  of  Fahren- 
heit's thermometer.  Multiply  this  by  the  number  of  degrees, 
which  the  gas  exceeds,  or  falls  below,  60°.  If  the  temperature  of 
the  gas  be  above  60°,  subtract,  or  if  below  60°,  add,  the  product  to 
the  absolute  quantity  of  gas ;  and  the  remainder  in  the  first  case, 
or  sum  in  the  second,  will  be  the  answer.  Thus,  to  find  what  space 
100  cubic  inches  of  gas  at  50°  would  occupy  if  raised  to  60°,  divide 


CORRECTION   OF  THE  VOLUME   OF   GASES.  IX 

100  by  480;  the  quotient  0.208  multiplied  by  10  gives  2.08,  which 
added  to  100  gives  102.08,  the  answer  required.  If  the  tempera- 
ture had  been  70°,  and  we  had  wished  to  know  the  volume  which 
the  gas  would  have  occupied  at  60°,  the  same  number  2.08  must 
have  been  subtracted  from  100,  and  97.92  would  have  been  the  an- 
swer. 

3.  In  some  cases,  it  is  necessary  to  make  a  double  correction,  or 
to  bring  the  gaa  to  a  mean  both  of  the  barometer  and  thermometer. 

We  must  then  first  correct  the  temperature,  and  afterwards  the 
pressure.  Thus  to  know  what  space  100  inches  of  gas  at  70°  Fah- 
renheit, and  29  inches  barometer,  would  fill  at  60°  Fahrenheit  and 
30  inches  barometer,  we  first  reduce  the  100  inches,  by  the  second 
process, to  97.92.    Then  by  the  first 

30     :     29     :  :     97.92     :     94.63. 

Or  100  inches  thus  corrected,  would  be  only  94.63. 

4  To  ascertain  what  would  be  the  absolute  weight  of  a  given  vo- 
lume of  gas  at  a  mean  temperature,  from  the  known  weight  of  an 
equal  volume  at  any  other  tem/ierature  ;  first,  find  by  the  second  pro- 
cess what  would  be  its  bulk  at  a  mean  temperature;  and  then  say, 
as  the  corrected  bulk  is  to  the  actual  weight,  so  is  the  observed 
bulk  to  the  number  required.  Thus  if  we  have  100  cubic  inches 
of  gas  weighing:  50  grains  at  50"  Fahrenheit,  if  the  temperature 
were  raised  to  60°,  they  would  expand  to  102.08.     And 

102.08     :     50     :  :      100     :     49. 

Therefore  100  inches  of  the  same  gas  at  609  would  weigh  49  grains. 

5.  To  learn  the  absolute  weight  of  a  given  volume  of  gas  under  a 
mean  pressure,  from  its  known  weight  under  an  observed  pressure, 
say,  as  the  observed  pressure  is  to  the  mean  pressure,  so  is  the  ob- 
served weight  to  the  corrected  weight.  For  example,  having  103 
inches  of  gas  which  weigh  50  grains  under  a  pressure  of  29  inches, 
to  know  what  1  >0  inches  of  the  same  gas  would  weigh,  the  barome- 
ter being  30  inches, 

29     :     30     :  :     50     :     51.72. 

Then  100  inches  of  the  same  gas,  under  30  inches  pressure,  would 
weigh  51.72  grains. 

6.  In  some  cases  it  is  necessary  to  combine  the  two  last  calcula- 
tions. Thus,  if  100  inches  of  gas  at  50°  Fahrenheit,  and  under  29 
inches  pressure,  weigh  50  grains,  to  find  what  would  be  the  weight 
of  100  inches  at  60°  Fahrenheit,  and  under  30  inches  of  the  baro- 
meter, first  correct  the  temperature,  which  reduces  the  weight  to 
49  grains.     Then, 

29     :     30     :  :     49     :     50.7. 

One  hundred  inches,  therefore,  would  weigh  50.7  grains. 

b* 
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XI.     Specific  Gravities  of  Solid  and  Liquid  Subslancet.* 


GEMS. 

Diamond,  white,  oriental 

Topaz,  oriental 

Sapphire,  oriental  .... 
Garnet,  Bohemian  .... 

Beryl,  oriental 

Hyacinth,  common  .  .  . 
Emerald,  from  Peru  .  .  . 
Crysolithe,  from  Brasil  . 
Amethyst,  oriental  .  .  . 
Ruby,  oriental 

stones,  Sec. 

Ponderous  spar    

Porphyry  


Specific 
Grav. 


3.5212 

4.0106 

3  9941 

4.1888 

3.5489 

3.6873 

2.7755 

2.6923J 

2  651 

4.2833 


4.4300 
2.7651 


STONES,  &C. 

Jasper,  brown 

Granite,  Egyptian  .... 

Rock-crystal 

Chalcedony,  bright   .  .  . 

Carrara  marble 

Alabaster,  oriental    .  .  . 

Carnelian 

Slate,  common,  for  roofs 

Flint 

Agate,  oriental 

Portland  stone 

Serpentine,  green,  Italian 

Opal,  noble    

Pumice-stone 


Specific 
(irav. 

2.6911 

2.6541 

2.6530 

2.664) 

2.7168 

2.7  3. >2 

2.6137 

2.8535 

2.5941 

2.5901 

2.533 

2.4295 

2.144 

fo.9145 


SALTS. 


Potash 

Lime 

Magnesia    

Alumine 

Barytcs 

Sulphate  of  potash    .  . 

■ alumine    . 

— zinc .... 

■ iron  .... 

> ■  copper   .  . 

Nitrate  of  potash  .  .  . 
Muriate  of  soda  .... 
Acetate  of  lead  .... 
Supertartrate  of  potash 
Sub-borate  of  soda  .  . 
Carbonate  of  potash  .  . 

— — soda  .  .  . 

ammonia 


*  For  the  specific  gravities  of  the  metals,  see  Table  of  the  Qualities  of  Me- 
tals, near  the  close  of  this  Appendix. 


Hassen- 
fratz.. 

1  Kir  wan. 

Musclien- 
brock. 

Newton. 

1.7085 

4.6215 

1.5233 

2.3908 

2.3700 

0.3460 

2.3298 

0.8200 

2.0000 

2.3740 

4.0000 

2.4073 

2.636 

2.398 

1.7109 

1.7260 

1.714 

1.9120 

1.9 

1.712 

1.8399 

1.88 

2.1943 

2.23 

1.9369 

1.933 

1.901 

1.900 

2.2001 

2.0835 

2.143 

2.3450 

2.3953 

1.9153 

1.8745 

1.7230 

1.7170 

1.714 

2.0120 

2.749 

1.3591 

1.421 

0.9660 

1.8245 

1.5026 

SPECIFIC    GRAVITIES. 


Tabic  of  Specific  Gravities  of  Solid  and  Liquid  Substances, — 
Continued. 


GLASSES    AND    VITRIFICA 
TIONS. 

Green  bottle-glass    .     . 
French  crystal-glass 
French  minor-glass,  from 

St.  Gobin  .  . 
English  flint-gla35 
China  porcelain   . 


INFLAMMABLES 

Roll-sulphur  .  . 
Phosphorus  .  . 
Pit-coal  .  •  • 
Amber  .... 
Heaviest  charcoal 
Mineral  naphtha 
Camphor  .  .  . 
Liquid  ammonia  . 


Specific 
Grav 

2  7325 
2.8922 

2.4882 
3.3203 
2.3847 


1.9907 

1.714 

1.3292 

1.0780 

0.441 

0.708 

09887 

0.8970 


WATERS. 

Distilled  water     .     .     • 

Sea  water 

Water  from  the  Asphaltic 
Sea 


SPIRITUOUS  LIQUIDS. 

Sulphuric  ether  t  • 
Muriatic  ether     .     . 

ETHEREAL  OILS. 

Oil  of  cinnamon  .  . 
Oil  of  cloves  .  .  . 
Oil  of  lavender  .  . 
Spirit  of  turpentine 

FAT  OILS. 

Linseed  oil  ... 
Poppy  oil  .... 
Oil  of  sweet  almonds 
Olive  oil     ...     • 


ACIDS. 

Sulphuric    acid    of    com 

nicrce 

Sulphuric  acid,  real 
Nitric  acid       .     .     •     • 
Muriatic  acid       .     .     • 
Concentrated  acetic  acid 

SPIRITUOUS  LIQUIDS 

Madeira  wine  . 

Cyder  .  .  • 
Brown  beer 
Burgundy  wine 
Champaignc  wine 
brandy  .  .  . 
Alcohol  *  .  • 
Nitric  ether  . 
Acetic  ether   . 


1 .0000 
1.0263 


1.2403 


ANIMAL  FLUIDS. 

Asses'  milk      .  .  . 

Cows'  milk      .  .  . 

Human  milk   .  .  . 

Human  urine  .  .  • 


1.8500 
2.1250 
1.5800 
1.1940 
1.0626 


1.0382 

1.0181 

1.0338 

0.9915 

0.962 

O.S371 

0  8293 

0.9088 

0.8664 


ANIMAL  FATS. 

Spermaceti  .  • 
Butter  .... 
Tallow  .... 
Mutton  suet  .  . 
Train  oil 

Hogs'  Lard  .  . 
Ivory  .... 
Bees'  wax  .     .     . 


GUMS. 

Common  gum 
Gum  Arabic  . 
Gum  tragacanth 


Specific 
I  Grav. 

0.7396 
0.729ft 


1.0439 
1.0363 
0.8938 
0.8697 


0.9403 
0.9288 
0.9170 
0.9153 


1.0355 
1.0324 
1.0203 
1.0106 


0.94 

0.94 

0.9419 

0.9235 

0.9235 

0.9568 

1.825 

0.9648 


GUM-RESINS. 

Asafoetida  .     .     •     • 
Scammonium,  from  Smyr 

na 

Galbanum 


1.4817 
1.4523 
1.3161 


1.3275 


1.2743 
1.2120 


Per  Chaussier  0.7980. 


■j-  Per  Lovitz  0.6320. 


ill 
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Table  of  Specific  Gravities  of  Solid  and  Liquid  Subatanccsf 
Continued. 


RESINS 

Guaiacum  .     . 
Jalap       .     . 
Ammoniacum 
Benzoe  .     .     • 
Sandarac     .     • 
"White  resin    . 
Colophony  .     . 
Masiich      .     . 
Copal,  transparent 
Elastic  resin    •     . 


INSPISSATED    JUICES 

Aloe  succotrina  .  . 
Opium 

WOODS. 

Lignum  guaiacum  . 
Box  wood,  Dutch  . 
French  box  wood 


Specific 
Grav. 


I  2289 
1.2185 
1.2071 

1.0924 
1.0920 
1.0819 
1.0441 
1 .0742 
1.0452 
0.9335 


1.3795 
1 .336' 


1.3330 
1.328'J 
0.912 


WOODS. 

Ebony 

Heart  of  old  oak      .    . 

Mahogany 

Olive  tree 

Mulberry  tree,  Spanish 
Beech  tree  .... 
Yew  tree,  Spanish  .  . 
Apple  tree      .... 

Plum  tree 

Maple  tree  .... 
Cherry  tree  .... 
Quince  tree  .... 
Orange  tree  .... 
Walnut  tree    .... 

Pear  tree 

Cypress,  Spanish      .     . 

Pine  tree 

White  Spanish  poplartree 
Cork 


Spee'rfii 


1.209. 

1.17  i 

1.063 

0.9270 

0.8970 

0.852J 

0.8070 

0.7930 

0.7850 

0.7150 
0.7050 
0  7- '50 
0.6710 

0.6610 
0.6440 
0.5500 
0.5294 
0.2400, 


O"  For  a  copious  list  of  Specific  Gravities,  see  the  Table  at  the  conclusion 
of  the  Appendix,  extracted  from  Muschenbrock.    C. 


XII.— Rules  for   Calculating  the  Absolute  from  the  Specific  Gravi- 
ties of  Bodies. 

In  1696,  Mr.  Everard,  balance  maker  to  the  Exchequer,  weighed 
before  the  commissioners  of  the  House  of  Commons  2145.6  cubical 
inches,  by  the  Exchequer  standard  foot,  of  distilled  water,  at  the 
temperature  of  55°  of  Fahrenheit,  and  found  it  to  weigh  1131  oz. 
14dts.  troy,  of  the  Exchequer  standard.  The  beam  turned  with 
6  grs.  when  loaded  with  30  pounds  in  each  scale.  Hence,  suppos- 
ing the  pound  avoirdupois  to  weigh  7000  grs.  troy,  a  cubic  foot  of 
'water  weighs  62$  pounds  avoirdupois  or  1000  ounces  avoirdupois, 
wanting  1 06  grains  troy.  And  hence,  if  the  specific  gravity  of  wa- 
ter be  called  1000,  the  proportional  specific  gravities  of  all  other 
bodies  will  nearly  express  the  number  of  avoirdupois  ounces  in  a 
cubic  foot.  Or,  more  accurately,  supposing  the  specific  gravity  ol 
water  expressed  by  1,  and  of  all  other  bodies  in  proportional  num- 
bers, as  the  cubic  foot  of  water  weighs,  at  the  above  temperature, 
exactly  437489.4  grains  troy,  and  the  cubic  inch  of  water  253.173 
grains,  the  absolute  weight  of  a  cubical  foot  or  inch  of  any  hotly  in 
troy  grains  may  be  found  by  multiplying  their  specific  gravity  »)' 
either  of  the  above  numbers  respectively. 
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By  Everard's  experiment,  and  the  proportions  of  the  English 
and  French  foot,  as  established  by  the  Royal  Society  and  French 
Academy  of  Sciences,  the  following  numbers  are  ascertained  : 


Paris  grains  in  a  Paris  cube  foot  of  water  .     .     .    .    —  645511 

English  grains  in  a  Paris  cube  foot  of  water       .     .     —  529922 

Paris  grains  in  an  English  cube  foot  of  water     .     .     —  533~'47 

English  grains  in  an  English  cube  foot  of  water     .     —  437489  4 

English  grains  in  an  English  cube  inch  of  water     .     ~  253.175 
By  an  experiment   of  Picard  with  the  measure  and 
weight  of  the  Chatelet,  the  Paris  cube  foot  of  water 

contains  of  Paris  grains in  641326 

By  one  of  Du  Hamel,  made  with  great  care  .     .     .     ~  641376 

By  Homberg ^  641666 

These  show  some  uncertainty  in  measure  or  in  weights  ;  but  the 
above  computation  from  Everard's  experiment  may  be  relied  on, 
because  the  comparison  of  the  foot  of  England  with  that  of  France 
was  made  by  the  joint  labour  of  the  Royal  Society  of  London  and 
the  French  Academy  of  Sciences :  it  agrees  likewise  very  nearly 
with  the  weight  assigned  by  M.  Lavoisier,  70  Paris  pounds  to  the 
cubical  foot  of  water. 


XIII. Table  for  reducing  the  Degrees  of  Baume's  Hydrometer  to 

the  Common  Standard. 

Baume's  Hydrometer  for  Liquids  lighter  than  Water. 
Temperature  55°  Fahrenheit,  or  10°  Reaumur. 

Sp.  Gr.    Deg.            Sp.  Gr.    Deg.  Sp.  Gr. 

.942       26      .      .     .892      34    .  .  .847 

.935       27      .      .     .886      35    .  .  .842 

.928      28     .     .     .880      36    .  .  .837 

.922      29     .     .     .874      37    .  .  .832 

.915      30     .     .     .867      38    .  .  .827 

.909       31      .      .     .861       39    .  .  .822 

.903      32     .     .     .856      40    .  .  .817 
.897      33     .      .     .852 

Baume's  Hydrometer  for  Liquids  heavier  than  Water. 


Deg. 

Sp.  Gr. 

Deg. 

10     . 

1.000 

18      . 

11     . 

.990 

19      . 

12     . 

.985 

20      . 

13     . 

.977 

21      . 

14     . 

.970 

22      . 

15     . 

.963 

23      . 

16     . 

.955 

24     . 

17     . 

.949 

25     . 

Temperature  55°  Fahrenheit,  or  10°  Reaumur. 


Jfcg. 

Sp.  Gr 

0 

1.000 

3 

1.020 

6 

1.040 

9 

1.064 

13 

1.089 

15 

1.114 

18 

1.140 

Deg. 

Sp.  Gr. 

Deg. 

Sp.  Gr. 

21 

1.170 

42 

.      1.414 

24 

1.200 

45 

1.455 

27 

1.230 

48 

1.500 

30 

1.261 

51 

1.547 

33 

1.295 

54 

1.594 

36 

1 .333 

57 

1.659 

39 

1.373 

60 

1.717 

Deg. 

63 
66 
69 
72 


Sp.  Gr. 

1.779 
1.848 
1  920 

2.000 
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No.  II. 

ADMEASUREMENT    AND    EFFECTS    OF    HEAT. 


I. — Correspondence  between  different  Thermometer  a. 

Fahrenheit's  thermometer  is  universally  used  in  Great  Britain, 
chieiiy  also  in  the  United  States.  In  this  instrument  the  range  be- 
tween the  freezing  and  boiling  points  of  water  is  divided  into  180°; 
and  as  the  greatest  possible  degree  of  cold  was  supposed  lobe  that 
produced  by  mixing  snow  or  muriate  of  soda,  it  was  made  the  zero. 
Hence  the  freezing  point  became  32°,  and  the  boiling  point  212°. 

The  Centigrade  thermometer  places  the  zero  at  the  freezing 
point,  and  divides  the  range  between  it  and  the  boiling  point  into 
100°.  This  has  long  been  used  in  Sweden  under  the  title  of  Cel- 
sius's thermometer. 

Reaumur's  thermometer,  which  was  formerly  used  in  France,  di- 
vides the  space  between  the  freezing  and  boiling  of  water  into  80°, 
and  places  the  zero  at  the  freezing  point. 

Wedgwood's  pyrometer  is  only  intended  to  measure  very  high 
temperatures.  Its  zero  corresponds  with  1077°  of  Fahrenheit's, 
and  each  degree  of  Wedgwood  is  equal  to  130°  of  Fahrenheit. 

De  Lisle's  thermometer  is  used  in  Russia.  The  graduation  be- 
gins at  the  boiling  point,  and  increases  towards  the  freezing  point. 
The  boiling  point  is  marked  0,  and  the  freezing  point  150°. 

Therefore  180°F.  =  100°C  =  80°R.  =  150°  D.  =  —  W. 

1.  To  reduce  centigrade  degrees  to  those  of  Fahrenheit,  multi- 

C  X  9 
ply  by  9  and  divide  by  5,  and  to  the  quotient  add  32,  that  is,  — — 

+  32  =F. 

2.  To  reduce  Fahrenheit's  degrees  to  centigrade,  — r— 

=  C. 

3.  To  reduce  Reaumur's  to  Fahrenheit's,  we  have  the  following 

R  x  9 
formula,  — - f-  32  =  F. 

4 

F  —  32  v  4 

4.  To  convert  Fahrenheit  to  Reaumur,  — - =  R. 

9 

5.  To  reduce  De  Lisle's  degrees  under  the  boiling  point,  we 
have  F  =  212 — — .  To  reduce  those  above  the  boiling  point, 

F.=212-f5l2ii 
5 

6.  And,  inversely,  to  reduce  Fahrenheit's  degrees  to  De  Lisle's, 

under  the  boiling  point  — — -  =  D. ;  above  the  boiling  point 

6 
F.  X  5  —  1 060 
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7.  To  reduce  Wedgwood's  to  those  of  Fahrenheit,  we  have  W  x 
130+  1077  =F. 

t?  1  f  i  T  7 

8.  Inversely,  to  reduce  Fahrenheit  to  Wedgwood,  — — -=W. 

Tabic,  showing  the  Correspondence  between  the  Degrees  of  Fahren- 
heit's Thermometer  and  the  new  Scale  of  Mr.  Dalton  (see  page  59.) 

Fahrenheit's  Fahrenheit's    Scale,  True  equal  In- 

Scale.  corrected    for    the  tervals  of  Tern- 

Expansion  ot  Glass.  perature. 

—  175 

—  68 

• —  58 

—  48 

—  58 

—  28 

—  18 

—  8 

.......  +  2 

12 

22 


32 

42 

52 

62 

72 

82 

92 

102 

lf2 

122 

132 

142 

152 

162 

172 

182 

192 

202 

212 

312 
412 
512 
612 
712 
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II.— Table  of  the  Effects  of  Heat. 


+ 


Fahrenheit. 
-5.5  | 
46 
39 
36 
22 
11 
7 
1 
16 
20 
23 

25 
28 
30 
32 

36 

46 
64 


40 
82 
97 
99 
104 
109 
112 
127 
149 
145 
155 
212 
234 
235 
283 
303 
334 
442 
460 
476 
612 


1. — Freezing  Points  of  Liquid. 

Strongest  nitric  acid  freezes  (Cavendish) 

Ei her  and  liquid  ammonia 

Mercury 

Sulphuric  acid  (Thomson) 

Acetous  acid 

2  Alcohol,  I  water 

Brandy 

Strongest  sulphuric  acid  (Cavendish) 

Oil  of  turpeniine  (Macquer) 

Strong  wines 

Fluoric  acid 

Oils  bergamot  and  cinnamon 

Human  blood 

Vinegar 

Milk 

Oxymuriatic  acid 

Water 

Olive  oil 

Sulphuric  acid,  specific  gravity  1.78  (Keir) 

Oil  of  aniseeds,  50  (Thomson) 

2.— Melting  Points  of  Solids. 

Equal  parts  of  sulphur  and  phosphorus 

A<iipocire  of  muscle 

Lard  (Nicholson) 

Phosphorus  (Pelletier) 

Resin  of  bile 

Myrtle  Wax  (Cadet) 

Spermaceti  (Bostock) 

Tallow  (Nicholson)  92  (Thomson) 

Bees'  wax 

Ambergris  (La  Grange) 

Bleached  wax  (Nicholson) 

Bismuth  5  parts,  tin  3,  lead  2 

Sulphur  (Hope)  212  (Fourc.)  185  (Kirw.) 

Adipocire  of  biliary  calculi  (Fourcroy) 

Tin  and  bismuth,  equal  parts 

Camphor 

Tin  3,  lead  2,  or  tin  2,  bismuth  1 

Tin  (Chrichton)  413  (Irvine) 

Tin  1,  lead  4 

Bismuth  (Irvine) 

Lead  (Chrichton)  594  (Irv.)  540  (Newton) 


MISCELLANEOUS  EFFECTS  OF  HEAT. 


Wedg. 


21 

27 

28 

32 

130 

150 

154 

158 

160 

+  170 


Zinc 

Antimony 
Brass 
Copper 
Silver 
Gold 
Cobalt 
Nickel 
Soft  nails 
Iron 

Manganese 

Platine,  tungsten,  molybdena,  uranium,  titanium, 
8cc 

3.   Solids  and  Liquids  volatilized. 

Ether  boils 

Liquid  ammonia  boils 

Camphor  sublimes  (Venturi) 

Sulphur  evaporates  (Kirwan) 

Alcohol  boils,  174  (Black) 

Water  and  essential  oils  boil 

Phosphorus  distils  (Pelletier) 

Muriate  of  lime  boils  (Dalton) 

Nitrous  acid  boils 

Nitric  acid  boils 

White  arsenic  sublimes 

Metallic  arsenic  sublimes 

Phosphorus  boils! 

Oil  of  turpentine  boils,  about  212c 

Sulphur  boils 

Sulphuric  acid  boils  (Dalton)  546  (Black) 

Linseed  oil  boils,  sulphur  sublimes  (Davy) 

Mercury  boils  (Dalton)  644  (Secondat) 

600  (Black)  672  (Irvine) 

4.  Miscellaneous  Effects  of  Heat. 

Greatest  cold  produced  by  Mr.  Walker 
Natural  cold  produced  at  Hudson's  Bay 
Observed  on  the  surface  of  the  snow  at  Glasgow. 

1780 
At  Glasgow,  1780 
Equal  parts,  snow  and  salt 
Phosphorus  burns  slowly 
Vinous  fermentation  begins 
to  135,  Animal  putrefaction  ^ 

to  80,  Summer  heat  in  this  climate   (Gr.  Bntain 
Vinous  fermentation  rapid,  acetous  begins 
Phosphorus  burns  in  oxygen,  104  (Gotthngl 
c* 


(Dal.) 
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Fahrcn. 
88 
96 

ior 

122 

165 

303 

635 

800 

802 

1050 

1207 

1337 

1857 

2897 

6277 
8487 
10177 
12257 
13297 
14337 
14727 
15637 
15897 
16007 
168  )7 
17327 
20577 
25127 


Wedg. 


1 

+2 

6 

14 

40 

57 

70 

86 

94 

102 

105 

112 

1  14 

121 

124 

12.} 

150 

1 


*5 


Acetification  ceases 

to  100,  Animal  temperature 

Feverish  heat 

Phosphorus  burns  vividly  (Fourcroy)  148  (Thom- 
son) 

Albumen  coagulates,  156  (Black) 
\  Sulphur  burns  slowly 

Lowest  heat  of  ignition  of  iron  in  the  dark 

Hydrogen  burns,  1000  (Thomson) 

Charcoal  burns  (Thomson) 

Iron  red  in  twilight 

Iron  red  in  day  light 

Azotic  gas  burns 

Enamel  colours  burned 

Diamond  burns   (M'Kenzie)  30   W  =  5000  F. 
(Morveau) 

Delft  ware  fired 

Working  heat  of  plate  glass 

Flint  glass  furnace 

Cream-coloured  ware  fired 

Worcester  china  vitrified 

Stone  ware  fired 

Chelsea  china  fired 

Dirby  china  fired 

Flint  glass  furnace  greatest  heat 

Bow  china  vitrified 

Plate  glass  greatest  heat 

Smith's  forge 

Hessian  crucible  fused 

Greatest  heat  observed 


III.—  Table  of  the  Force  of  Steam  at  different  Tem/icrature.?  of  Fah- 
renheit's Scale  from  actual  Experiment. 

(Cetancourt  in  Prony's  Architecture  Hydraulique.) 


Tempera- 

Force in  English 

Tempera- 

Force in  English 

ture. 

Inches  of  Mercury. 

ture.                   Inches  of  Mercury 

32    . 

162      ...     .       907 

42    . 

172 

11.0 

182 

14.9 

192 

18.7 

72    .     . 

...        .58 

202 

23.7 

212 

29.8 

92    . 

222 

37.4 

102     . 

232 

46.5 

112     . 

1         242 

57.3 

122    . 

252 

.     69.7 

132    .     , 

262     . 

83.6 

142     .      . 

272 

97.1 

152    .      . 

....      7.00 

282 

10*8. 

TABLES  OF  EXPANSION  BY  HEAT. 


IV. —  Table  of  the  Ex/iansion  of  Air  by  Heat. 


(By  Mr. 

Dalton.) 

Fahren. 

Fahren. 

Fahren. 

32      . 

1000 

59      . 

1064 

86 

.      1123 

33      . 

10>j2 

60      . 

1066 

87 

.      1125 

34     . 

1004 

61      . 

1069 

88 

.      1128 

35      . 

1007 

62      . 

1071 

89 

.      1130 

36     . 

1009 

63      . 

1073 

90 

.      1132 

37     . 

1012 

64     . 

1075 

91 

.      1134 

38     . 

1015 

65      . 

1077 

92 

.      1136 

39      . 

1018 

66      . 

1080 

93 

.      1138 

40     . 

1021 

67      . 

108  2 

94 

.      1140 

41      . 

1U23 

68      . 

1084 

95 

.      1142 

42      . 

1025 

69      . 

1087 

96 

.      1  144 

43      . 

1027 

70     . 

1089 

97 

.      1  '46 

44      . 

1030 

71      . 

1091 

98 

.      1148 

45      . 

1032 

72      . 

1093 

99 

.      1150 

46      . 

1034 

73      . 

1095 

100 

.      1  152 

47      . 

1036 

74     . 

1097 

110 

.      1173 

48      . 

1038 

75      . 

1099 

120 

.      1    94 

49      . 

1040 

76      . 

1101 

130 

.      1215 

50      . 

1043 

77      . 

1104 

140 

.      12   5 

51      . 

1045 

78      . 

1106 

150 

.      1255 

52      . 

1047 

79      . 

1108 

160 

.      1275 

53      . 

1050 

80      . 

1110 

170 

.      1295 

54      . 

1052 

81      . 

1  112 

180 

.      1315 

55      . 

1  >55 

82      . 

1114 

190 

1334 

56     . 

1057 

83      . 

1116 

200 

.      1354 

57      . 

1059 

81      . 

1118 

210 

.      1372 

58      . 

1062 

1      85      . 

1121 

212 

.      1376 

V.— Table  of  t 

he  Ex/iansion  of  Liquids  by  Heat. 

Linseed 

Sulphu- 

Nilric 

Water. 

Oil  of 

Alcohol 

Temp 

Mercury. 

Oil. 

ric  Acid 

Acid 

Turpen. 

OJ 

40 
50 
60 
70 
80 
90 
100 

lib 

120 
130 
140 

iso 

100000 
10U081 
100183 
100  504 
100406 
100508 
100610 
100712 
100813 
100915 
101017 
101119 
101220 

100000 

.... 

99752 
100000 

99514 
100 J00 

100023 

10000  1 

100000 
10J559 
101105 

• 

100279 

100-186 

100091 

100460 

1j1688 

102760 

100558 
100B06 
101054 
101317 
101540 
101834 
102097 
102320 
102614 

100990 
101330 
102088 
102620 

103196 
103776 
10435 
105132 

100197 
100332 
100694 
100908 

101404 
102017 

100993 
101471 
101931 
102446 

102943 
103121 
103954 

H 
li 
1( 
It 

>2Z 

128 

)35 
141 

51 

17 
52 

160 

101322 

102893 

170 

101424 

103H6 

igo 

190 

101526 
101628 

103339 

lo35;7 

103617 

200 
212 

101730 
101835 

107250 

1039H 

104577 
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VI. — Table  of  the  Expansion  of  Water  by  Heat. 
(From  Mr.  Dalton's  New  System  of  Chemical  Philosophy.) 


Temperature. 

Expansion. 

Temperature. 

Expansion. 

12°' Fahrenheit. 

100236 

122°  Fahrenheit 

101116 

22 

100U90 

132 

101367 

32 

100022 

142 

101638 

42 

100000 

152 

1   1934 

52 

100021 

162 

102245 

62 

100083 

172 

10257J 

72 

100180 

182 

10S916 

82 

100312 

192 

103265 

92 

100477 

202 

l  3634 

102 

100672 

212 

104012 

112 

100880 

VII. —  Table  of  the  Expansion  of  Solids  by  Heat. 


Temp. 

Platina.f 

-Vnvimon. 

Steel. 

Iron. 

Cast 
Iron. 

Hismuth. 

32° 
12 
White? 

heat*  V 

120000 
120104 

120000 
120130 

120000 
120147 

123428 

120000 
120151 

121500 

120000 
122571 

120U00 
120167 

Copper. 

Cast 

Brass. 

Brass 
Wire. 

Tin. 

Lead. 

Zinc. 

32° 
212 

1?0000 
120204 

120000 
120225 

120000 

120232 

120000 
120298 

120000 
120344 

120000 
120355 

Hammd 
Zinc. 

Zinc  8 
Tin    1 

Lead  2 
tin    1 

Brass    2 
Zinc      1 

Pewter. 

Copper  3 
Tin  i     1 

32° 
212 

120000 
i 20373 

120000 
120323 

120000 
120301 

120000 

120274 

120000 
120274 

120000 
120218 

Expansion  of  Glass. 


Temp. 

Bulk. 

Temp. 

Bulk. 

100023 
100033 
100044 

Temp. 

liulk. 

32° 
50 

70 

100000 
100006 
100014 

100° 

120 

150 

167° 
190 
212 

100056 
100069 
100083 

*  Rinman.  f  Borda. 

+-  The  metal,  whose  expansion  is  here  given,  was  an  alloy  composed  of  three 
parts  of  copper,  and  one  of  tin,  The  figures  in  some  of  the  preceding  columns 
are  to  be  understood  in  the  same  manner.  Thus,  in  the  last  column  but  two,  the 
metal  consisted  of  two  parts  of  brass,  alloyed  with  one  of  line. 


FRIGORIFIC    MIXTURES. 


VIII. —  Tables,  exhibiting  a  collective  View  of  all  the  Frigorifc  Mix- 
tures, contained  in  Mr.  Walker's  Publication,  1808. 

(Communicated  by  Mr  Walker.) 

1. —  Table,  consisting  of  Frigorifc  Mixtures,  having  the  Ponver  of 
generating,  or  creating  coid.  without  the  Aid  of  Ice,  sufficient  for 
all  useful  and  Philoso/ihical  fiur/io.ses,  in  any  Part  oj  the  World  at 
any  Season. 

Frigorific  Mixtures  without  Ice. 


MIXTURES. 

Thermometer  sinks. 

Deg.  of  cold 
produced. 

Muriate  of  ammonia  .  .     5  parts 
Ni. rate  of  potash  ....     5 

From  +  50°  to  +10° 

40 

Muriate  of  ammonia  .  .     5  parts 
Nil  rate  of  potash  ....     5 
Sulphate  of  soda  ....     8 

From  -f  50^" to  +  4° 

46 

Nitrate  of  ammonia    .  .      1  part 

From  +  50°  to  4-  4° 

46 

Nitrate  of  ammonia  .  .     1  part 
Carbonate  of  soda  ...     1 

From  -f  50°  to —7° 

57 

Sulphate  of  soda  ....     3  parts 
Diluted  nitric  acid    ...     2 

From  -f-  50°  to  —  3° 

53 

Sulphate  of  soda  ....     6  parts 
Muriate  of  ammonia  .   •     4 
Nitrate  of  potash  ....     2 
Diluted  nitric  acid   ...     4 

From  +  50°  to  —  10° 

60 

Sulphate  of  soda  ....     6  parts 
Nitrate  of  ammonia   -  .     5 
Diluted  nitric,  acid  ...     4 

From  +  50°  to  —  14° 

64 

Phosphate  of  soda  ...     9  parts 
Diluted  nitric  acid  ...     4 

From  +  50°  to  —  12° 

62 

Phosphate  of  soda   ...     9  parts 
Nitrate  of  ammonia   .  .     6 
Diluted  nitric  acid  ...     4 

From +50°  to  — 21° 

71 

Sulphate  of  soda  ....     8  parts 

From  +  50°  to  0° 

50 

Sulphate  of  soda  ....     5  parts 
Diluted  sulphuric  acid  .     4 

From  +  50°  to  +  3° 

47 

N.  B. — If  the  materials  are  mixed  at  a  warmer  temperature,  than  that  ex- 
pressed in  the  Table,  the  effect  will  be  p'oportionably  greater  ;  thus,  if  the  most 
powerful  of  these  mixtures  be  made,  \vh.en  the  air  is  +85°,  it  will  sink  the 
thermometer  to  -f-  23. 


XXII 


APPENDIX. 


2. Table,  consisting  of  Frigorific  Mixtures,  corn/iosed  of  Ice,  viitk 

chemical  Salts  and  Acids, 


Frigorific  Mixtures  with  Ice. 


MIXTURES. 

Thermometer  sinks. 

Deg.  of  cold 
produced. 

• 

Snow,  or  pounded  ice   .     2  parts 
Muriate  of  soda    .  .  .  •     I 

u 

a 

h 

a. 
E 

>> 

a 

E 
o 
■~ 

ft 

f      to  —  5° 

Snow,  or  pounded  ice  .     5  parts 
Muriate  of  soda    .,.•..     2 
Muriate  of  ammonia  .  .     1 

to  —  12° 

• 

Snow,  or  pounded  ice  .  24  parts 
Munate  of  soda   ....  10 
Muriate  of  ammonia  .  .     5 
Nitrate  of  potash  ....     5 

to  —  18° 

* 

Snow,  or  pounded  ice  .  12  parts 
Muriate  of  soda    ....     5 
Nitrate  of  ammonia  .  .     5 

to  —  25° 

# 

55 

Diluted  sulphuric  acid  .    2 

From  -f-  o2"  to  —  23" 

From  +  32°  to  —  27° 

59 

From  -f  32°  to  —  30° 

62 

Diluted  nitric  acid   ...     4 

Muriate  of  lime    ....     5 

From +32°  to  — 40° 

72 

From +  32°  to  — 50° 

82 

Chryst.  muriate  of  lime      3 

! 

From  +  32°  to  —  51° 

83 

N.  B. — The  reason  for  the  omissions  in  the  last  column  of  this  Table,  is,  the 
thermometer  sinking  in  these  mixtures  to  the  degree  mentioned  in  the  preced- 
ing  column,  and  never  lower,  whatever  may  be  the  temperature  of  the  mate- 
rials at  mixing. 


FRIGOIUFIC    MIXTURES. 
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3.— Table  consisting  of  Frigorific,  Mixtures  selected  from  the  fore- 
going Tables,  and  combined.,  so  as  to  increase  or  extend  Cold  to 
the  exlremcst  Degrees. 

Combinations  of  Frigorific  Mixtures. 


MIXTURES. 

Thermometer  sinks. 

Deg.  of  cold 
produced. 

Phosphate  of  soda  ...     5  parts 
Nitrate  of  ammonia   .  .     3 
Diluted  nitric  acid   ...     4 

From  0°  to  —  34° 

34 

Phosphate  of  soda  ...     3  parts 
Nitrate  of  ammonia    .  .     2 
Diluted  mixed  acids  .  .     4 

From  —  34°  to  —  50° 

16 

From  0°  to  —  46° 

46 

Diluted  nitric  acid  ...     2 

From  —  10°  to  —  56° 

l 

: 

46             J 

Diluted  sulphuric  acid  .     3  7 
Diluted  nitric  acid    ...     35 

Diluted  sulphuric  acid  .     1 

From  — 20°  to  — 60° 

40 
68 

Muriate  of  lime    ....     4 

From  +  20°  to  — 48° 

Muriate  of  lime    ....     4 

From  +  10°  to  —  54° 

64 

Muriate  of  lime    ....     3 

From  — 15°  to— 68° 

53 

From  0°  to  —  66° 

66 

Chryst.  muriate  of  lime      2 

Chryst.  muriate  of  lime     3 

From— 40°  to  — 73° 

33 

From  —  68°  to  —  91° 

23 

Diluted  sulphuric  acid     10 

N.  B The  materials  in  the  first  column  are  to  be  cooled,  previously  to  mix- 
ing, to  the  temperature  required,  by  mixtures  taken  from  either  of  the  preced- 
ing tables. 
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IX— Table  of  S/ieci/ic  Heats,  from  Mr.  Dalian's  New  Systein  of 
Chemical  P/iiloso/ihy,  Part  I. 


GASES. 

Eq. 

Eq. 

SOLIDS. 

Eq. 

Eq. 

Wts. 

Blks 

Wis.  Blks. 

Hydrogen 

21.40 

.002 

Ice 

.90? 

.83 

Oxygen    

4.75 

.006 

Dried      woods,    and 

Common  air 

1.79 

.002 

other     vegetable 

Carbonic  acid 

1.05 

002 

substances,   from 

Azotic • 

.79 

.001 

.45  to       ... 

.65 

Aqueous  vapour 

1.55 

.001 

Quicklime     •     .     . 

.30 

Pit -coal     (1.27)     . 

.28 

.36 

.26 

LIQUIDS. 

Chalk 

Hvdrat.  lime     ■     . 

.27 
.25 

.67 

Water 

1.00 

1.00 

Flint  glass     (2.87) 

.19 

.55 

1.03 

Muriate  ot  soda    . 

.23 

Milk     (1.0?«) 

.98 

1.00 

Sulphur    .     .     . 

.19 

Carbonate  of  amnion.    (1.035) 

.95 

.98 

Iron      .     . 

.13 

1.00 

Carbonate  of  potash     (1.30)  . 

.75 

.98 

Brass    .     . 

.    . 

11 

.97 

Solution  of  ammonia     (.948) 

1.03 

.98 

Copper     . 

.11 

.98 

Common  vinegar     (1.02)    •     . 

.92 

.94 

Nickel 

.10 

.78 

.89 

Zinc     .     . 

.10 

.69 

Solut.  of  common  salt     (1.197) 

.78 

.93 

Silver  .    . 

.08 

.84 

Solut.  of  sugar     (1.17)       .     • 

.77 

.90 

Tin       .     . 

.07 

.51 

Nitric  acid     (120)     .     .     .     . 

.76 

96 

Antimony 

.06 

.40 

Nitric  acid     (1.3'J)     .... 

.68 

.88 

Gold    .     . 

,    . 

.05 

.97 

Nitric  acid     (1.36)    .... 

63 

.85 

Lead    .     . 

.04 

.45 

Nitrate  of  lime     (1.40)  .     .     . 

.62 

.87 

Bismuth  . 

.04 

.40 

Sulp.  acid  and  water,  equal  p. 

.52 

.80 

Muriatic  acid     (1.153)  .     .     . 

.60 

.70 

Oxides  of  the  me- 

Acetic acid     (1.056)       .     .     . 

-  .66 

.70 

tals  surpass  the  me- 

Sulphuric acid     (1.844)      .     . 

.35 

.65 

tals   themselves,   ac- 

Alcohol    (.85)       

.76 

.65 

cording  to  Crawford. 

Alcohol     (.817) 

.70 

.57 

Sulphuric  ether     (.76)   .     .     . 

.66 

.50 

Spermaceti  oil     (.87)     ... 

.52 

.45 

.04 

.55 

TABLE    OF    THE    SOLUBILITY   OF   SALTS. 


XXV 


No.  III. 

I  —  Table  of  the  Solubility  of  Salts  in  Water. 


NAMES  OF  SALTS. 


Arsenic 
Benzoic 
Boracic 
Camphoric 
Citric     .     . 
Gallic    .     . 
Mucic   .     . 
Molybdenic 
Oxalic  .     . 
Suberic 
Succinic     . 
Tartaric     . 


SALIFIABLE    BASES. 


Barytes      .... 
crystallized 

Lime 

Potash 

Soda 

Strontites  .... 
crystallized 


SALTS. 

Acetate  of  ammonia 
barytes  . 
lime  .     . 
magnesia 
potash    . 
soda  . 
strontites 
Carbonate  of  ammonia 
barytes 
lime   . 
magnesia 
potash 
soda   . 
strontites 
Camphorate  of  ammonia 


Solubility  in  100  Part3 

Water. 
At  60°  At  212° 


150. 

0.208 


50. 
0.69 
4. 
Very  soluble 


5. 
57. 
0.2 
Very  soluble 
do. 
0.6 
1.9 


Very  soluble 

'      do. 

do. 

do. 

100. 

Very  soluble 

+  30. 
Insoluble 
do. 
2.   • 
25. 
50. 
Insoluble 
1. 


4.17 

2. 

8.3 
200. 
66. 

1.25 

0.1 
100. 
50. 
50. 


50. 
Unlimited 


50. 


40. 
100. 


83. 
+  100. 


33. 


d* 
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Table  of  the  Solubility  of  Salts  in  Water — Continued. 

Solubiliiv 

id  liw  fans 

NAMES  OF  SALTS. 

Water. 

At  60° 

|        At  212° 

SALTS. 

Camphorate  of  barytes     .     .     . 

0.16 

lime     .... 

0.5 

potash      .     .     . 

33. 

+33. 

Citrate  of  soda 

60. 

lime 

Insoluble 

Hyper-oxymuriate  of  barytes    . 

25. 

+  25. 

mercury 

25. 

1 

potash    . 

6. 

40. 

soda  .     . 

35. 

+35. 

Muriate  of  ammonia  .... 

33. 

100. 

barytes       .... 

20. 

+  20. 

lead * 

4.5 

lime       

200. 

magnesia   .... 

100. 

mercury     .... 

5. 

50. 

potash 

33. 

silver 

°-sV 

soda 

35.42 

36.16 

strontites   .... 

150. 

Unlimited 

Nitrate  of  ammonia    .... 

50. 

200. 

barytes  

8. 

25. 

lime 

400.   . 

magnesia   .... 

100. 

+  100. 

potash 

14.25 

100. 

soda 

33. 

+  100. 

strontites    .... 

100. 

200. 

Oxalate  of  strontites  .... 

0-tV 

Phosphate  of  ammonia     .     .     . 

19 

25. 

+25. 

barytes   .... 

0. 

0. 

lime 

0. 

0. 

magnesia    .     .     . 

6.6 

potash    .... 

Very  soluble 

soda 

25. 

50. 

strontites     .    .     . 

0. 

0. 

Phosphite  of  ammonia     .     .     . 

50. 

+50. 

barytes   .... 

o.i 

potash     .... 

33. 

+  33. 

Sulphate  of  ammonia  .... 

50. 

100. 

barytes     .... 

0.002 

copper      .... 

25. 

50. 

iron 

50. 

+  100. 

lead 

lime 

°-tV 

0.2 

0.22 

magnesia      .     .     . 

100. 

133. 

potash       .... 

6.25 

20. 

soda 

37. 

125. 

strontites      .    .    . 

.    1          0. 

0.02 
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Table  of  the  Solubility  of  Salts  in  Water — Continued. 
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NAMES  OF  SALTS. 


SALTS. 

Sulphite  of  ammonia  .     . 
lime     .     .     • 
magnesia 
potash       .     . 
soda 
Saccholactate  of  potash    . 

soda  . 

Sub-borate  of  soda  ^borax) 
Super-sulphate  of  alumine  and  pot 
ash  (alum)       .... 
potash 
Super-oxalate  of  potash  . 
tartrate  of  potash  . 
Tartrate  of  potash       .     . 
and  soda 
antimony  and  potash 


Solubility  in  100  Parts 

Water. 
At  60°  At  212° 


100. 

0.125 

5. 

100. 

25. 


8.4 

5. 
50. 

1  £ 

'•3 

25. 
20. 
6.6 


100. 
.  12. 

20. 

16.8 

133. 

-f  100. 

10. 


33. 


II. Table  of  Substances  soluble  in  Alcohol 


NAMES  OF  SUBSTANCES. 


Acetate  of  copper  .     •     ■ 
soda       .     •     ■ 
Arsenate  of  potash 

soda     .     •     ■ 
Boracic  acid    .     .     .     • 
Camphor    .     •     «     • 
Muriate  of  ammonia    . 
alumine 
copper  .     • 
iron  .     .     • 
lime       .     • 
magnesia   . 
mercury 
zinc  .     •     • 
Nitrate  of  ammonia    . 
alumine 
cobalt    .     • 
lime  .     •     • 
potash   .     ' 
silver     .     • 
Succinic  acid       .     •     • 
Sugar,  refined     .     •     • 
Super-oxalate  of  potash 
Tartrate  of  potash  .     • 


Temperature. 


100  Parts  Alco- 
hol dissolve. 


176° 

7.5 

176° 

46. 

do. 

3.75 

do. 

1.7 

do. 

20. 

do. 

75. 

do. 

7. 

54i° 

100. 

176° 

100. 

176° 

100. 

do. 

100. 

do. 

547. 

88.3 

54V5 

100. 

176° 

89.2 

54i° 

100. 

54  J0 

100. 

125. 

1,76° 

2.9 

do. 

417 

do. 

74. 

do. 

24  4. 

3. 

0.04 
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Other  substances  soluble  in  alcohol. — All  the  acids,  ex- 
cept the  sulphuric,  "itric,  and  oxy-muriatic,  which  decompose  it 
and  the  phosphoric  and  metallic  acids. — Potash,  soda,  and  ammo- 
nia, very  soluble.     Soaps;  extract;  tan;  volatile  oils;  adipocire- 
resins;  urea. 

Substances  insoluble,  or  very  sparingly  soluble,  in  al- 
cohol.— Earths  ;  phosphoric  and  metallic  acids ;  almost  all  sul- 
phates and  carbonates;  the  nitrates  of  lead  and  mercury;  the  mu- 
riates of  lead,  silver,  and  soda  (the  last,  per  Chenevix,  sparingly  so- 
luble) ;  the  sub-borate  of  soda;  the  tartrate  of  soda  and  potash, 
and  super-tartratc  of  potash;  fixed  oils;  wax;  starch;  gum; 
caoutchouc;  woody  fibre;  gelatine;  albumen,  and  gluten. 

III. — Dr.  WollastorCs  Numerical  Table  of  Chemical  Equivalents. 


N.  B. — Dr.  Wollaston's  numbers  represent  the  weights  of  the  atoms  of  bodies, 
oxygen  being  taken  as  unity.  To  reduce  them  to  Mr.  Dalton's,  multiply  by  7 
and  divide  by  10 ;  and  to  reduce  them  to  the  standard  adopted  in  this  work, 
multiply  by  7.5,  and  divide  by  10. 


1. 

2. 
3. 
4. 
5. 

6. 
7. 

8. 
9. 

10. 
11. 

12. 
13. 

14. 

15. 

16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 


27. 
28. 


Hydrogen 1-32 

Oxygen 10.00 

Water 11.32 

Carbon 7.54 

Carbonic  acid  (-J-  20  oxy- 
gen)      27  54 

Sulphur 20.00 

Sulphuric  acid  (+  30  oxy- 
gen)      50  00 

Phosphorus 17.40 

Phosphoric  acid  (+20  ox- 
ygen)    37.40 

Az.ote  or  Nitrogen   ....  17.54 

Nitric  acid  (+  50  oxygen)  67.54 

Muriatic  acid  dry 34.10 

Oxymuriatic  acid  (+10 

oxygen)    44.10 

Chlorine  44.10  +  1.32  hy. 

=  muriatic  acid  gas    .  45.42 

Oxalic  acid 47.0 

Ammonia 21.5 

Soda 39.1 

Sodium  ( —  10  oxygen)  .  29.1 

Potash 59.1 

Potassium  ( — 10  oxygen)  49.1 

Magnesia 24.6 

Lime 35.46 

Calcium  (—  10  oxygen)  .  25.46 

Strontites 69.00 

Barytes    97.00 

Iron    34,50 

Black  oxide  (+10  oxy. 

gen) 44.50 

Red  oxide  (+15  oxygen)  49.50 

Copper 40.OO 

Black  oxide  (+10  oxygen)  50.00 

Zinc 41.00 


Oxide;  (+  10  oxygen)  .  .    51.00 

29.  Merctiry 125.50 

Red  oxide  (+  10  oxygen)  135.50 
Blayik    oxide    (-f   125.5 

mercury) 261.00 

30.  Lead 129.50 

Litharge  (+  10  oxygen)  .  139.50 

31.  Silver     135.00 

Oxide  (-f-  10  oxygen)  .  .  145.00 

32.  Sub-carbonate  of  ammonia    49.00 
Bi-carboiTate  (+  27.5  car- 
bonic acid) 76.50 

33.  Sub- carbonate  of  soda  .  .    66.60 
Bi-carbonate  (+27-5  C.  A. 

+  11.3  water)    ....  105.50 

34.  Sub-carbonate  of  potash  .    86.00 
Bi-carbonate (+275 C.  A. 

+  11.3  water) 125.50 

35.  Carbonate  of  lime    ....    6300 

36. barytes  .  .  .  124.50 

37. lead    ....  16700 

38.  Sulphuric  acid  dry  ...  .    50.00 

39.  Do.  s.g.  1.850(50-1-11.3 

water) 6130 

40.  Sulphate  of  soda  (+  10 

water  =  113.2)   ...    20230 

41.  Sulphate  of  potash  ....  10910 

42.  Sulphate  of  magnesia  dry     7460 
Do.  Crystallized  (+7  wa- 
ters =  79.3) 153.90 

43.  Sulphate  of  lime  dry  .  .  .    85.50 
Crystallized  (+  2  waters 

=  22.64) 108.10 

44.  Sulphate  of  strontites    .  .  119.00 

45. barytes    .  .  •  147-00 

46.  copper  (1  acid 

+  1  oxide  +  5  water)  156.60 


TABLE    OF    CHEMICAL    EQUIVALENTS.  XXIX 

Dr.  Wollaston's  Numerical  Table  of  Chemical  Equivalents — 
Continued. 


47-  Sulphate  of  iron  (7  water)  173.80 

48. zinc  (do.)  .  .  180.20 

49.  lead 189.50 

50.  Nitric  acid  dry 67.54 

Do.  s.  g.  1.50  (+2  water 

=  22.64)    . 90.20 

51.  Nitrate  of  soda 106.60 

52. potash 126.60 

53. lime 103.00 

54. barytes     ....  164.50 

55. lead 207.00 

56.  Muriate  of  ammonia  .  .  .  66.90 

57 soda 73.20 


58.  Muriate  of  potash    ....    93.20 
Oxymuriateof  do.  (+60 

oxygen)    153.20 

59.  Muriate  of  lime 6960 

60.  barytes  ....  131.00 

61. lead 173.60 

62.  silver 179.10 

63.  mercury   .  .  .  170.10 

64.  Sub-muriate  of  do.  (1  acid 

-J-  1  oxygen +  2  mere.)  296.10 

65.  Phosphate  of  lead    ....  176.90 

66.  Oxalate  of  lead 186.50 

67.  Bin-oxalate  of  potash    .  .  153.00 


The  following  are  the  data  on  which  the  above  Table  is  found- 
ed :— 

I,  2,  3.  The  specific  gravities  of  oxygen  and  hydrogen  gases  are 
taken  on  the  authority  of  Biot  and  Arago ;  and  their  proportions 
in  water  at  88.286  to  11.714,  which  numbers  are  in  the  ratio  of  10 
to  1.327. 

4,  5.  The  specific  gravities  of  oxygen  and  carbonic  acid  gases 
are  1.1036  to  1.5196,  or  as  20  (=  2  oxygen)  to  27.54;  and  deduct- 
ing the  oxygen,  we  obtain  7.54  for  the  equivalent  of  carbon. 

6.  The  equivalent  of  sulphur  is  inferred  from  Berzelius's  ana- 
lysis of  galena,  which  makes  the  lead  bear  to  the  sulphur  the  pro- 
portion of  86  64  to  13.36,  or  of  129.5  to  20. 

7.  From  the  analysis  of  sulphate  of  barytes  by  Klaproth,  the  sul- 
phuric acid  is  to  the  barytes  as  34  to  66,  or  as  50  to  97.  Deduct- 
ing 30  of  oxygen,  we  again  obtain  20  for  the  equivalent  of  sulphur. 

8.  9.  In  phosphate  of  lead,  according  to  Berzelius,  the  litharge 
is  to  the  acid  as  380.56  to  100, »or  as  139.5  to  37.4  ;  and  deducting 
from  this  last  number  20  oxygen,  we  have  17.4  (or  the  equivalent 
of  phosphorus.  The  same  number  is  dcducible,  also,  from  Rose's 
experiments  on  phosphoric  acid. 

10.  To  obtain  the  equivalent  of  azote,  ammonia  is  assumed  to 
consist  of  1  volume  of  azote,  and  3  of  hydrogen.  And  as  the  spe- 
cific gravity  of  hydrogen  was  found  by  Biot  and  Arago  to  be  to 
that  of  azote  as  .07321  to  .96913,  these  numbers  will  be  in  the  pro- 
portion of  1.327  to  17.54;  and  1.327  X  3  =  3.98  added  to  17.54, 
the  equivalent  of  azote,  gives  21.52  for  the  equivalent  of  ammonia. 

II.  The  equivalent  of  nitric  acid  is  deduced  from  RiclUer  s  ana- 
lysis of  nitrate  of  potash,*  which  makes  the  potash  to  the  acid  as 
46.7  to  53.3,  or  as  59.1  to  67.45;  from  which  if  we  subtract  one 
portion  of  azote  17  54,  there  remain  49.91,  so  nearly  5  portions  of 
oxygen,  that  we  may  assume  17.54  +  50,  or  67.54,  to  be  perfectly 

correct.  ...        .  .    •        ■  , 

12.  By  dissolving  63  parts  of  carbonate  of  lime  in  muriatic  acid, 
and  evaporating  to  perfect  dryness,  we  obtain  69.56  of  muriate  of 
lime;  and  deducting  the  weight  of  the  lime,  35  46,  we  learn,  by 
means  of  the  difference  34.1,  the  equivalent  of  dry  muriatic  acid 

*  2  Mem.  d'Arcueil.  59. 
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Or,  if  we  choose  to  consider  the  dry  salt  as  a  compound  of  calcium 
and  chlorine,  we  must  transfer  the  weight  of  10  oxygen  to  the  mu- 
riatic acid,  making  44.1  of  oxymuriatic  <  -id  combined  with  25.46 
calcium. 

15.  In  oxalate  of  lead,  according  to  Berzelius,  296.6  of  litharge 
are  united  with  100  oxalic  aciu,  which  are  in  the  proportion  of 
139.5  to  47  oxalic  acid.  A  result  almost  exactly  the  same  was 
obtained  by  Dr.  Woiiuston  from  the  analysis  of  binoxalate  of  potash. 

17,  18.  The  equivalent  of  soda  is  inferred  from  the  analysis  of 
common  salt,  in  which  the  muriatic  acid  is  to  the  soda  as  100  to 
114.78,  or  as  34.1  to  39.1.  The  equivalent  of  sodium  is  obtained 
by  deducting  10  of  oxygen,  and  is  29.1. 

19,  20.  In  muriate  of  potash,  the  acid  is  to  the  alkali  as  100  to 
173.47,  or  as  34. 1  to  59.1,  from  which  last  number,  if  we  deduct  10 
the  equivalent  of  oxygen,  we  obtain  49.1  for  the  equivalent  of  po- 
tassium. 

21.  The  equivalent  of  magnesia  is  inferred  from  the  composi- 
tion of  the  sulphate,  viz.  67  acid  to  33  base  ;  for  as  67  to  33,  so  is 

50  to  24.6. 

22.  The  equivalent  of  lime  is  deduced  from  the  carbonate  of 
lime,  in  which  the  acid  is  to  the  earth  as  43.7  to  56.3,  or  as  27.54 
to  35.46;  from  which  last  number,  deducting  10  oxygen,  we  have 
25. 46  for  the  equivalent  of  calcium. 

24.  In  sulphate  of  strontites,  the  acid  is  to  the  earth  as  42  to  58, 
or  as  50  to  69. 

25.  In  sulphate  of  barytes,  34  acid  are  united  with  66  earth, 
which  is  in  the  proportion  of  50  to  97. 

26.  In  black  oxide  of  iron,  the  oxygen  is  to  the  metal  as  22.5  to 
77.5,  or  as  10  to  34.5,  to  which,  adding  10  oxygen,  we  have  445  for 
the  equivalent  of  the  oxide  of  iron. 

27.  Black  oxide  of  copper  contains  20  oxygen  to  100  metal, 
which  gives  50  for  the  equivalent  of  oxide  of  copper,  and  40  for 
that  of  ihe  metal. 

28.  In  oxide  of  zinc,  the  oxygen  is  to  the  metal  as  24.41  to  100, 
or  as  10  to  41,  to  which  last  number,  adding  10  oxygen,  we  have 

51  for  the  equivalent  of  oxide  of  zinc. 

29.  In  red  oxide  of  mercury,  the  oxygen  is  to  the  metal  as  8  to 
100,  or  as  10  to  125.  But  as  other  statements  differ  a  little  from 
this,  125  5  may  be  taken  as  a  mean  ;  and  adding  10  oxygen,  135.5 
will  denote  the  red-oxide. 

30.  In  carbonate  of  lead,  the  acid  is  to  the  oxide  as  16.5  to  83.5, 
or  as  27.54  to  139.5,  the  equivalent  of  litharge;  from  which,  de- 
ducting 10  oxygen,  we  have  129.5  for  the  equivalent  of  lead. 

31.  In  muriate  of  silver,  the  acid  is  to  the  oxide  of  silver  as 
19.05  to  80.95,  or  as  34.1  to  145,  the  equivalent  of  the  oxide,  from 
which,  if  we  take  10  oxygen,  we  have  135  the  equivalent  of  silver. 
If  we  consider  horn  silver  as  a  compound  of  24.5  chlorine  and  75.5 
silver,  the  equivalent  of  silver  will  be  136;  for  24.5  :  75.5  ::  44.1 
:   136. 

32.  The  subcarbonate  of  ammonia  consists  of  acid  and  alkali* 
according  to  Gay  Lussac,  in  the  proportion  of  56.02  to  43.98  or  of 
27.54  to  21.6,  which,  therefore,  again  proves  tv  be  the  equivalent  of 
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ammonia.     The  two  last  numbers  added  together,  give  49  for  the 
equivalent  of  the  subcarbonatc. 

33.  In  subcarbonatc  of  soda,  the  acid  is  to  the  alkali  as  41.24 
to  58.76,  or  as  27.54  to  39.1  ;  and  the  two  last  numbers,  added  toge- 
ther, express  the  equivalents  of  the  subcarbonatc. 

35.  The  proportion  of  the  elements  of  carbonate  of  lime  is  43.7 
acid  to  56.3  base,  or  27.54  to  55.46;  and  consequently  carbonate  of 
lime  must  be  represented  by  those  two  numbers  added  together, 
viz.  63. 

36.  In  carbonate  of  barytes,  the  acid  is  to  the  eltth  as  100 
to  352.57,  or  as  27.54  to  97,  which  two  numbers,  added  together, 
124.50,  express  the  equivalent  of  carbonate  of  barytes.* 

37.  The  equivalent  of  carbonate  of  lead  is  obtained  by  adding  to- 
gether those  of  oxide  of  lead  and  of  carbonic  acid  (see  30.) 

38.  39.  For  the  determination  of  the  equivalent  of  sulphuric 
acid,  see  No.  7. 

The  remaining  numbers,  expressing  the  equivalents  of  com- 
pound bodies,  are  obtained  by  adding  together  the  equivalents  of 
their  components.  Thus  the  equivalent  of  muriate  of  potash  93.2 
is  obtained  by  adding  together  the  equivalents  of  muriatic  acid  34.1 
and  of  potash  59.1. 

IV. —  Table  of  Incompatible  Salfs.j 

INCOMPATIBLE    WITH 


1. 


SALTS. 

Fixed     alkaline 
phates 


sul- 


C  Nitrates  ot  lime  and  magnesia, 
I  Muriates  of 


Sulphate  of  lime 


Alum 


Sulphate  of  iron 


6.  Muriate  of  barytes 


Muriate  of  lime 


8.  Muriate  of  magnesia 


9.  Nitrate  of  lime 


{Alk; 
Mm 
Earl 


lime  and  magnesia, 
f  Alkalis, 

■<  Carbonate  of  magnesia, 
^Muriate  of  barytes. 
f  Alkalis, 
J  Muriate  of  barytes, 
|  Nitrate,  muriate,  carbonate  of  lime, 
^Carbonate  of  magnesia, 
f  Alkalis, 
4.  Sulphate  of  magnesia     -!  Muriate  of  barytes, 

(_  Nitrate  and  muriate  of  lime. 
Alkalis, 

iriate  of  barytes, 
rthy  carbonates. 

{Sulphates, 
Alkaline  carbonates, 
Earthy  carbonates. 
{Sulphates,  except  of  lime. 
Alkaline  carbonates, 
Carbonate  of  magnesia. 
C  Alkaline  carbonates, 
l  Alkaline  sulphates. 

{Alkaluie  carbonates, 
Carbonates  of  magnesia  and  alum 
Sulphates,  except  of  lime. 

'  These  numbers  do  not  exactly  coincide  with  that  in  the  Table.  It  is  not 
likely,  indeed,  under  the  uncertainties  of  the  hypothesis  itself,  that  every  part 
should  be  correct.     C  .  .  .     ,    , 

t  That  is,  salts  which  cannot  exist  together  in  solution,  without  mutual  de- 
composition. 
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No.  IV. 

Colour  of  the  Precipitates  thrown  down  from  Metallic  Solutitns,  by 
various  Re-agents. 


Metals. 

Prussiated 
Alkalis. 

Tincture  of 
Galls. 

Water   im. . 
pregnated 
with   Sul- 
phuretted 
Hydrogen. 

Hydro- 
Sulphurets. 

Yellow 

Gold 

Yellowish- 
white 

Solution  turn- 
ed green. 

Precipitate 
brown  of  re- 
duced gold 

Yellow 

Platina 

No  precip. ; 
but  an 
orange    co- 
loured   one 
by  pruss.  of 
mercury 

Dark  green 
becoming 
paler 

Precipi- 
tated in  a 
metallic 
state 

Silver 

White 

Yellowish 
brown 

Black 

Black 

Mercury 

White 
changing  to 
yellow 

Orange  yel- 
low 

Black 

Brownish 
black 

Palladium 

Olive.* 
Deep 
orange. t 

Dark 
brown 

Dark 
brown 

No  precip. 

Rhodium 

No  precip. 

Iridium 

No    precipi- 
tate.   Colour 
discharged 

No    precipi- 
tate.    Co- 
lour of  so- 
lutions dis- 
charged 

Osmium 

Purple, 
changing  to 
deep  vivid 
blue 

Copper 

Bright  red- 
dish brown 

Brownish 

Black 

Black 

Chenevix. 


f  Wollaston. 


PRECIPITATES    FROM    METALLIC    SOLUTIONS.  XXXU1 

Colour  of  Precipitates  from  Metallic  Solutions,  ifc— Continued. 


Metals. 

Prussiated 

Alkalis. 

Tincture  of 
Galls. 

Water  im- 
pregnated 
with   Sul- 
phuretted 

Hydrogen. 

Hydro- 
Sulpliu- 

rets. 

.       V-  Green  salts 
Iron  ^ 

(2.  Red  salts 

White, 
changing 
to  blue 

Deep  blue 

No  preci- 
pitate 
Black 

Not  preci- 
pitated 

Black 

Nickel 

Green 

Greyish 

white 

Not  preci- 
pitated 

Black 

Tin 

White 

No  precip. 

Brown 

Black 

Lead 

White 

White 

Black 

Black 

Zinc 

White 

No  precip. 

Yellow 

White 

Bismuth 

White 

Orange 

Black 

Black 

Antimony 

White 

A  white 
oxide 
merely 
from  di- 
lution 

Orange 

Orange 

Tellurium 

No  precip. 

Yellow 

Blackish 

Arsenic 

White 

Little 
change 

Yellow 

Yellow 

Cobalt 

Brownish 
yellow 

Yellowish 
white 

Not  preci- 
pitated 

Black     * 

Manganese 

Yellowish 
white 

No  preci- 
pitate 

Not  preci- 
pitated 

White 

Chrome 

Green           iBrown 

Green 

Molybdena 

0                    Deep 
Brown             brown 

Brown 

Uranium 

Brownish 
red 

Chocolate 

Brownish 
yellow 

Tungsten 

. 



e  * 
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Colour  of  Precipitates  from  Metallic  Solutions,  is'c. — Continued. 


Metals. 

Prussiated 
Alkalis. 

Tincture  of 
Galls. 

Water  im- 
pregnated 
with  Sul- 
phuretted 
Hydrogen. 

Hydro. 
SulplmreU. 

Titanium 

Grass  green, 
with  a  tinge 
of  brown 

Reddish 
brown 

Not  pre- 
cipitated 

Grass 
green 

Columbium 

Olive 

Orange 

Chocolate 

Tantalium 

Cerium 

Yellowish 

Brown, 
becoming 
deep  green 

No.  VI. 

Table  of  Simple  Affinity* 


OXYGEN. 

Caloric  ? 

Manganese 

Silver 

Mercury 

Zinc 

Gold 

Carbon 

Silver 

Iron 

Arsenous  acid 
Nitric  oxide 

Tin 

Uranium 

Manganese 

Zinc 

Gold 

Molybdena 

CARBON. 

Iron 
Tin 

Platina 
Carbonic  oxide 

Tungsten 
Cobalt 

Oxygen 

Iron 

Hydrogen 

Antimony 
Hydrogen 

Muriatic  acid 
White  oxide  of 

Antimony 
Nickel 

Phos«phorus 
Sulphur 

manganese 
White  oxide  of 

Arsenic 
Chrome 

Arsenic 

lead 

Bismuth 

Nitrogm 

Lead 

NITROGEN. 

Nickel 

Copper 

Oxygen 

Cobalt 
Copper 

OXYGEN. f 

Tellurium 
Platina 

Sulphur  ? 
Phosphorus 

Bismuth 

Titanium 

Mercury 

Hydrogen 

*  This  table,  it  may  be  necessary  to  observe,  does  not  express  accurately  ibe 
comparative  affinities  of  bodies,  but  denotes  merely  the  actual  order  of 
turn,  which,  as  Berthollet  has  shown,  may  often  be  contrary  to  thai  of  affinity- 
owing  to  the  influence  of  various  extraneous  forces. 

t  Vauquelin's  table  of  the  affinity  of  the  metals  for  oxygen,  according  to  tic 
difficulty  with  which  their  oxides  are  decomposed  by  heat. 
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Table  of  Simfile  Affinity — Continued. 


HYDROGEN. 

Oxygen 

Sulphur 

Carbon 

Phosphorus 

Nitrogen 


Acid  a. 

Mucic 

Boracic 

Nitrous 

Carbonic 

Prussic 

Oil 

Water 

Sulphur 


SULPHUR. 
PHOSFHORUS 

Potash 

Soda 

Iron 

Copper 

Tin 

Lead 

Silver 

Bismuth 

Antimony 

Mercury 

Arsenic 

Molybdena 


POTASH,       SODA 
AND   AMMONIA. 

Acids. 
Sulphuric 
Nitric 
Muriatic 
Phosphoric 
Fluoric 
Oxalic 
Tartaric 
Arsenic 
Succinic 
Citric 
Lactic 
Benzoic 
Sulphurous 
Acetic 


RARYTES. 

Acids. 

Sulphuric 

Oxalic 

Succinic 

Fluoric 

Phosphoric 

Mucic 

Nitric 

Muriatic 

Suberic 

Citric 

Tartaric 

Arsenic 

Lactic 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

Prussic 
Sulphur 
Phosphorus 
Water 
Fixed  Oils 


Acids. 

Phosphoric 

Oxalic 

Tartaric 

Fluoric 

Nitric 

Muriatic 

Succinic 

Acetic 

Arsenic 

Boracic 

Carbonic 

Water 


STRONTITES. 

Acids. 
Sulphuric 


LIME. 

Acids. 

Oxalic 

Sulphuric 

Tartaric 

Succinic 

Phosphoric 

Mucic 

Nitric 

Muriatic 

Suberic 

Fluoric 

Arsenic 

Lactic 

Citric 

Malic 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

Prussic 
Sulphur 
Phosphorus 
Water 
Fixed  oil 


MAGNESIA. 

Acids. 
Oxalic 
Phosphoric 
Sulphuric 
Fluoric 
Arsenic 
Mucic 
Succinic 
Nitric 
Muriatic 
Tartaric 
Citric 
Malic  ? 
Lactic 
Benzoic 
Acetic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
Prussic 
Sulphur 


ALUMINE. 

4cids. 
Sulphuric 
Nitric 
Muriatic 
Oxalic 
Arsenic 
Fluoric 
Tartaric 
Succinic 
Mucic 
Citric 
Phosphoric 
Lactic 
Benzoic 
Acetic 
Boracic 
Sulphurous^ 
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Table  of  Simfile  Affinity — Continued. 


Acids. 

Sulphurous 

Mucic 

Fixed  alkalis 

Nitrous 

Nitric 

Oxalic 

Ammonia 

Carbonic 

Arsenic 

Arsenic 

Fixed  oils 

Prussic 

Fluoric 

Tartaric 

Tartaric 

Citric 

Lactic 

Phosphoric 
Muriatic 

Sulphurous 

OXIDE  OF   ARSE 

SILEX. 

Succinic 

Suberic 

NIC. 

Acetic 

Nitric 

Fluoric  acid 

Prussic 

Fluoric 

Gallic 

Potash 

Carbonic 

Citric 

Muriatic 

Ammonia 

Malic 

Oxalic 

Succinic 

Sulphuric 

L<ctic 
Acetic 

Nitric 
Tartaric 

OX.  OF  PLATINA. 

GOLD.* 

OXIDE    OF    MER- 

Benzoic 

Phosphoric 

CURY. 

Boracic 

Fluoric 

Gallic  acid 

Prussic 

Succinic 

Muriatic 

Gallic  acid 

Carbonic 

Citric 

Nitric 

Muriatic 

Fixed  oils 

Acetic 

Sulphuric 

Oxalic 

Ammonia 

Prussic 

Arsenic 

Succinic 

Fixed  alkalis 

Fluoric 

Arsenic 
Phosphoric 

Ammonia 
Fixed  oils 

Tartaric 

Phosphoric 

Sulphuric 

OXIDE   OF  COP- 

Water 

Oxalic 

Mucic 

PER. 

Citric 

Tartaric 

— 

Acetic 

Citric 

Gallic 

Succinic 

Malic 

Oxalic 

OXIDE   OF   IRO> 

Prussic 

Sulphurous 

Tartaric 

Carbonic 

Nitric 

Muriatic 

Gallic 

Ammonia 

Fluoric 

Sulphuric 

Oxalic 

Acetic 

Mucic 

Tartaric 

Benzoic 

Nitric 

Camphoric 

Boracic 

Arsenic 

Sulphuric 

OXIDE      OF      SIL- 

Prussic 

Phosphoric 

Mucic 

VER. 

Carbonic 

Succinic 

Muriatic 

Fluoric 

Nitric 

Gallic  acid 



Citric 

Phosphoric 

Muriatic 

Lactic 

Arsenic 

Oxalic 

OXIDE  OF  LEAD. 

Acetic 

Fluoric 

Sulphuric 

Boracic 

Succinic 

Mucic 

Gallic 

Prussic 

Citric 

Phosphoric 

Sulphuric 

Carbonic 

Lactic 

*  Omitting  the  oxalic,  citric,  succinic,  and  carbonic,  and  adding  sulphuret- 
ted hydrogen  after  ammonia. 
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Table  of  Simfile  Affinity — Continued. 


Acetic 
Boracic 
Prussic 
Carbonic 


OXIDE   OF  TIN. 

Gallic 

Muriatic 

Sulphuric 

Oxalic 

Tartaric 

Arsenic 

Phosphoric 

Nitric 

Succinic 

Fluoric 

Mucic 

Citric 

Lactic 

Acetic 

Boracic 

Prussic 

Ammonia 


Phosphoric 

Citric 

Succinic 

Fluoric 

Arsenic 

Lactic 

Acetic 

Boracic 

Prussic 

Carbonic 

Fixed  alkalis 

Ammonia 


OXIOE    OF    ZINC 

Gallic 
Oxalic 
Sulphuric 
Muriatic 

Mucic 

Nitric 
Tartaric 


OXIDE    OF    ANT1 
MONY. 

Gallic 

Muriatic 

Benzoic 

Oxalic 

Sulphuric 

Nitric 

Tartaric 

Mucic 

Phosphoric 

Citric 

Succinic 

Fluoric 

Arsenic 

Lactic 

Acetic 

Boracic 

Prussic 

Fixed  alkalis 

Ammonia 


SULPHURIC 

ACIl). 

PKUSSIC-t 

Barytes 
Su'ontites 
Potash 
Soda 
Lime 
Magnesia 
Ammonia 
Giucine 
Yttria 
Alumine 
Zircon 
Metallic  ox- 
ides 


SULPHUROUS 

ACID. 

SUCCINIC.^ 

Barytes 
Lime 
Potash 
Soda 

Strontites 
Magnesia 
Ammonia 
Giucine 
Alumine 
Zircon 
Metallic  ox- 
ides 


PHOSPHORIC 

ACID. 
CARBONIC.§ 

Barytes 

Strontites 

Lime 

Potash 

Soda 

Ammonia 

Magnesia 

Giucine 

Alumine 

Zircon 

Metallic  oxides 

;Silex 


rilOSPHOROUS 
ACID. 

Lime 

Barytes 

Strontites 

Potash 

Soda 

Ammonia 

Giucine      , 

Alumine 

Zircon 

Metallic  oxides 


NITRIC     ACID. 
MURIATIC. 1| 


'.Barytes 


*  Redman  places  the  tartaric  before  the  muriatic. 

+  VV'itli  the  omission  of  all  after  ammonia. 

t  Tmlnia  slvmld  come  before  magnesia!  and  strontites,  giucine,  and  zu-- 

^U^SSSiA  above  ammonia,  and  alumina  and  silica  should  be 

omitted. 
H  Ammonia  should  stand  above  magnesia. 
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Table  of  Simfile  jiffinity— Continued. 


1 

Potash 

ACETIC        ACID. 

BENZOIC  ACID. 

Magnesia 

Soda 

LACTIC         

Oxide   of  mer- 

Strontites 

SUBERIC                   \ 

White  oxide  of 

cury 

Lime 

arsenic 

Other  metallic 

Magnesia 

Barytes 

Potash 

oxides 

Ammonia 

Potash 

Soda 

Alumine 

Glucine 

Soda 

Ammonia 

Alumine 

Strontites 

Barytes 

Zircon 
Metallic  oxides 

Lime 
Ammonia 

Lime 

Magnesia 

Magnesia 

Alumine 

Metallic  oxides 

ALCOHOL. 

Glucine 
Alumine 

Water 

Zircon 

CAMPHORIC 

Ether 

FLUORIC     ACID. 

ACID. 

Volatile  oil 

BORACIC     * 

ARSENIC      f 

Alkaline    sul- 

Lime 

phurets 

rUNGSTIC  ■ 

OXALIC   ACID. 

Potash 

Lime 

TARTARIC  

CITRIC   — ■§. 

Soda 
Barytes 

Barytes 

Ammonia 

Strontites 

Lime 

Alumine 

SULPHURET- 

Magnesia 

Barytes 

Magnesia 

TED  HYDRO- 

Potash 

Strontites 

GEN. 

Soda 

Magnesia 

Ammonia 

Potash 

Barytes 

Glucine 

Soda 

FIXED    OIL. 

Potash 

Alumine 

Ammonia 

Soda 

Zircon 

Alumine 

Lime 

Lime 

Silex 

Metallic  oxides 

Barytes 

Ammonia 

Water 

Potash 

Magnesia 

Alcohol 

Soda 

Zircon 

*  Silex  should  be  omitted,  and  instead  of  it,  water  and  alcohol  be  inserted, 
•f  Except  silex. 

*  With  the  omission  of  strontites,  metallic  oxides,  glucine,  and  zircon. 
§  Zircon  after  alumine. 
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Tables  of  Sfiecific  Gravities. 
(From  Musschenbrcek.  Nat.  Phil.  v.  2d.    Edit.  1762.    Lugd.    Batav.  4to.) 


J\Tetalla  &  Praparata. 


jEs  Japoii.  cusum 

; ■   fusum     .     .     . 

—  fulvum  Hispan.  fusum 

—  idem     cusum 

—  fulvum  (America.  Chili) 

fusum 

—  idem  cusum  . 

—  fulv.  ex  Barbaria  cusum 
_  idem fusum 


9.0000 
8.7267 
7.9598 
8.43396 

8.64197 
8.7685 
7.8520 
8.5945 
.8300 


fulv.  Anglicum  cusum 

i ex  Suecix  moneta  cusa  8.7840 

eadem  fusa       8.3333 

nativum  de  aq.  cae- )  5  ^\ 

menti  Hungariae    $ 

—  idem  fusum  absque  ulla7  7  2426 

readdita     ■     •     •     5 

—  idem  fusum  dcindiu  cu- 

sum       9.0204 

—  fulvum  Barbancum  cal- 

cinatum  .  .  •  •  5.453 
JErea  moneta  Csesaris  Clau- 

dii 8.313 

iEris  minera   .     .     .     •     •       3.755 

—  viride  compactum  (Rus- 

cinonia     .     .     •     •       2.991 

striatum  fibris  conO  ^Q7 

vergent.      ■     •     5 

factitium     Hispani- 

ense      .     .     .     •      1-714 

in  acet.  distil.} 

solut.      deinV  1.6786 
crystalliz.      j 
Aurichalcum  Sinense  fusum  8.431 

aliud  fusum  8.638b 

Stolbcrgense  fusum     8.000^ 

aliud  St.  fusum      .     8.235>> 

idem  Stol.  cusum  .     8.349 

idem  ductum  in  filum  8-3258 


Tutia  ...-•••     4-615 
Antimonium  crudum  German-  4.000 

Arverniae  .     .     •     •     4.858 

Hungaricum      •     •     4.700 

Antimonii  Begulus  per  se  .     4.500 

bis  purificatus  6.602 

___ ter  purif.     •     6.852 

-cusus      .     ■     6.8716 

.  idem    modo 

fusus 


Antimonii  Regulus  Martialis 

Veneris  .     . 

Anlim.  Vitr.  per  se     •     .     • 
aliud 


6.4021 

7.500 

7.500 

4,760 

5.280 


Antim.  cinnabaris      .     .     . 
a  Gaubio  pratp. 


Argentumpurum  fusum   . 

ex  Lun.  Corn, 

reductum 

aliud       .... 

Holland,  major,  va- 

loris      .... 
minor,  valoris 


fusum 


—  idem  tusum 


Avgenti  Minera  ex  Wallia 

Aurum  purissimum      .     • 

aliud  fusum      .     . 

: fusum     .     • 

Nativum    de     Aur. 

Aren.  Guinensi  . 

in  aq.  reg.  solut.} 

dein  pracip.  &A 
fusum  •     ■     ■     j 

Aurea  Guinea  Guliel.  3    . 

Geor.    2    . 

. Moneta  Lusitan. 

Eques     Holland,    an. 

1749 

Philippxus    1741     • 

Ducat.    Holland.    Sig- 

nat 

idem,  modo  fusus    . 

, idem,  diu  &  vehement. 

cusus       .... 

, Ludovicus  .... 

Uismuthum,  modo  fusum 

„ idem,  tusum  quant 

potuit    .     .     .     . 

Bismnthum 

aliud    .     .     .     • 


6.044 

7.805 

5810 

11.091 

10.5426 
10.851 

10.535 

10  340 
10.2538 
10.5000 
7.464 
19.640 
19.521 
19233 

16.500 

18.948 

18.888 
17.150 
17.140 

17.528 
17-652 


18.261 

17.01754 


18.588 
18.166 

8.71GS 


9.6388 
9.700 
9.850 
9  866 
9.9259 


Bismuthi     minera     pig- 
(Smalt.)  cccrul.  prab. 

-  Smahina 

cobaltum    ex  vario" 

lucens.collum  Co-' 
lumbin.  dictum  .    _ 
Chalybs  laudatiss.    pn'be 
emollitus   .         ... 

idem   diu  &.  valde 

cusus    ...-•• 

mollis       .     .     ■     • 

durissimus    .     .     • 

elasticissimus  . 


6221 
2.949 


6.036 


7.7679 

78955 
7.738 
7.704 
7.809 
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Tables  of  Specific  Gravities — Continued. 


Chalybissal      .....     1 803 
Ferrum  cusum  Osemont     •    7.7633 

emolliUim     •     .     .    7.6000 

id.  cusum  diufrigide  7.875 

. -  laudatis.     German. 

insig.  (L.)      .     . 

. German,  insig.  B.  R 

Leodiense 

aliud 


ex  Suecia      .     .     . 

nudum   tessulatum 

octohedrum  .     . 

— cubicum 

vetustate   temporis 


7.8076 
7-7876 
7.6896 
7.6450 
7.7653 


4.333 
4.4579 


in  magnet,  versum  4  0451 

stibio  prsegnans     .     3.825 

Ens  mart,  semel  sublimat.  .     1.453 

ter         do.     .     .     1.269 

Crocus  metallorum    .     .     •     4500 

Ferriflos 5.7143 

Mercurius  Tyrol,  virgineus    14.000 

Tyrol •  13.652 

alius 13  620 

Brilannicus      .     .     13.593 

—  distil.excalceaGau- 

bio       ....     13.619 
— — — —  semel   a  Boer- 

haave    .     .     13.570 
cum  aur.  puriss.  uni-} 

tus  &.  centenis  C  13.550 
vicibus  destillalusj 

cum  argent,  pur.  St 

ut  supra       .     .     13.580 

cum  plumb,  unit.  & 


resuscit.  .     .    . 

—  511  vicibus  deslill. 

—  sublim.  corros.     . 

—  dulcis,  bis  sublim. 

ter  sublim. 

4ter  sublim. 


turp.  minerale 
/Etbiops  mineralis 


Cinnabaris  nativus 

Tyrol 

Japon 

—  alia 


ex  Guinea  . 

Almadiensis 


13.550 
14.110 

8  000 
12.353 

9  8^2 
8.235 
8.325 
2.227 
2.2337 
7.300 
7.273 
7.000 
6.280 
6.188 


tactitia       ....     8.002 


alia 
alia 


Plumbum  Indicum     . 

Anglic,  puriss. 

ex  Hull 

aliud 

aliud 

Scotic.  puriss. 

aliud 

German,  puris. 


7.X7H 
7.8385 
11.2259 
114459 
11.424 
11.4794 
11.345 
11.38759 
11.4166 
1 1  4451 


Plumbum  mixt.  Aug.  Scot. 

&  Ger.  =       .    .  11.225 

calx 8.M0 

cerussa     ....  3.156 

ustum       ....  1  666 

Lytharg.  auri I 

argenti     .    .     .    .  6 

Sac.  saturni 2.745 

Stannum  purum    .     .     .    .  ; 

aliud 7r..>t>5-1 

Anglic,  puriss.       .  i 

purum  nigrum   73218 

aliud 

aliud  J 

aliud  7.550 

puriss.  ex  Malacca    7.331 


iliud 


Indie.  Hancas 


6.1256 

7.2165 

7.3U0 

7..m 

7.1181 
7.6388 
7.1951 


llosx  dictum 

Malacca;  Cusum 

idem,  diu  cusum 

Anglic.  I'usum    . 

idem,  diu  cusum 

Bancas  modo  I'usum  7  6250 

— . idem,  diu  cusum    .     6.7481 

Zincum  Indicum    ....    7.2401 

Goslar      ....    7.215 

—  aliud 7350 

aliud 7-065 


modo  fusum 

. idem  diu  cusum 

Platinapart.  1  Stanni  p.  2 


9.3548 

7.1764 

8.972 

7794 

7.705 

7.613 

7  471 

14.029 

12  925 

.  12.404 

.  11.947 

.  11.774 

.  11.575 

.  13.535 

.  12.452 

.  11.790 

.  10.867 

.  11.400 

.  10.410 

.    9908 

.    9.693 

.    9  30D 

.    9.251 

.     8.970 

.    9.917 

.     8.700 

.     8.202 

.     7.800 
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Plat,  cum  omn.  heterog."^ 

arena  alb.  grana-£-        6.533 
tis,  pulv.  nigro. 


-  cum  partib.  quibusd. 

heterog 16995 

sine  part-  nigr.  qua 

a  Magnet,  trail.     .    4.128 
part.  nig.  quae  trail. 

a  Magnate  .     .     •     5.555 
part.  quxd.  gravis- 

simx  electa:     .     .  27.500* 
Regulus 15.52666 

L,a/jitles. 
Achates  pale  red,  variegated    2.631 


—  alius 
alius 


2.628 

2.5714 

2.592 


amber  coloured     . 

.-    ■  whitish,  with  flesh"" 
coloured  spots 
Dutchy  of  Bipont_ 

British      .... 

Adamas  (Diamond)  Indian, 

white  3.517 

alius  alb.  3.37. 

alius 

al.  alb. 

, al.  alb. 


3.058 
2.512 


3.4666 
3.4736 
3.525 


E.  Indian,  rough 

octohedron 
Brazil 


3.6545 

3.518 

3.521 

3.511 

3501 


alius       .  • 

alius       .  • 

alius 

pallid,  cxrxil  ex  Ind. 

orient.  .  ■     3.512 

profunde  czerul.  •     3 .495 

flavus  .     .     .     .  •    3.524 


—  alius 


profunde  viridis 


3.666 
3521 
1.872 
2-275 
2625 


Alabastrum  (sulp.  of  lime) 
Alumen,  plumose      .    • 
-——do.  officinarum     . 

schist,  nigri.friab.  nativ.2.064 

Amianthus,  ex  Wallia     .     •     2.913 

fibris  angulos- 

rigid.  (Fahlun)  2.855 

Itahcus  .     .     .     2.360 

fibris  rigid,  pur 

purascentib. 

■    viridescens  flexi 

bil.  fibris.  . 

fibris  niveis     . 

Ardosius  caeruleus     .     •     • 
Arsenicum  rub.  sive,  Sandar. 

Grxc.     .    3.223 

flav.  Auripig.nativ.  3.313 

.-factitium     .    .     .    3.694 


Arsenici  Regulus  ....    8.308 

Atramentarius  lapis  violac")  «  1(). 

Mt.Rammelio5  J' 

fulvus  do. 


2.140 
3.521 
2.683 


Auripigmentum 
Basaltes  minimus  striatus 
Beryllus  (aq.  marine)  ex 
Eibenstock 

Bolus  armena 2.727 

Bononiensis  lapis  ....  4.996 
Bi  istollensis  lapis  2  510  alius  2.640 
Burfordensis  lapis  .  .  .  2.049 
Cxruleus  lapis  ex  quo  pavi 
menta  .  . 
Cadmia  ex  Issy  .... 
Calaminaris,  Slolbergensis 

. Hungaria    .    . 

1 Silesia   .     .     . 

— — — —  ex  antro  Schartz 


2.428 


2444 
3.025 
3.500 


3.056 


2.740 
3.108 
5.000 
4.409 
2560 


feldensi 
Calcedony,  Siberia  .  . 
Suecicus    . 


2.268 
2.559 
3.978 
2.613 


Bruxelles  .     . 

Oriental,  sub-"} 

pellucid  blue-  C  2.569 
ish  white       j 

Bohemian  .     .    4  360 

Calx  usta  ex  lapide    .     .     .    2.370 

Carneolus 3.290 

Chrysolithus 3.360 

Corallachates 2.605 

Cornelius 2.568 

Cos  Bremensis      ....     1  666 

—  Turcicus 2.380 

. alius  ....    2.388 

alius  ....    2.960 

—  particulis  impalpab.  cine- 

reis  compact  2.745 
friabilibus  Penn- 
sylvania;    .     2.561 

—  flavus  Lotharingia:  .  .  3.288 
Creta  alb.  Anglic.  .  •  .  2.252 
Crystallus  rupium  vulgaris     2.650 

_i alia  2.659     2  669 

.       acuminetetrahedro  3.169 

cubica  ....     3.100 


—  ex  Devonia    . 

—  Hibernia    .    . 

—  Helvetia     .     . 

—  Pennsylvania . 
Islandica 


2.724 
2.68S 
2.663 
2.645 
2.720 


Galena  sterilis  ex  Scotia,  diet. 

Potlood  7.568? 

ex  Germania  do.  74661 

Gallvpot .•  lUf. 

Clac'ics  Maria:  ex  Muscovia  2-280 

Goa,  Lapis  de       •     •     •     •  J'j" 

Grammatias      .....  |^ 

Granatus  Bohemicus    ,     .  WW 

•  This  is  undoubtedly  a  ■>**»£! -17.500.       C^ 
I0T  Erratum-in  !asri«7e:r,  «L,ta«  line,  tor 
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3.978 
3.100 
4.360 
2  806 
2.490 
3.637 
2.666 


Granatus  Suecicus      . 
(Sranati  Minera  . 
Hematites . 

. ex  Minorca 

Hibernicus  lapis 
llyacinthus  2.631         alius 
Jaspis  .         .         .         • 

. totus  pallide  viridis. 

German. 

purpur.   gran,  alhid. 

Helvet. 

rudis  Peunsylvan. 

flav.  opac.  Freyenberg  2.o66 

rub.  ex  agro  Bruxelleri  2.70o 


2.776 

2.766 
2.576 


viridis  Sibencus 

in  Russia  oriund. 

Irif  . 

Judaicus    (2  690)    alius 

Lazuli 

Lebetum    . 

Litbunthrax  (1.238)  alius 


2.586 
2.623 
2.130 
2  500 
3.054 
2.782 
1.240 


Lydius,  seu  Marmor  nigrum  2.688 


Ma  ernes  Penn&ylvanx 
Hungaria: 


Magnesia 


Ilfeldensis 


Pennsylv.    . 

Malachites 

Sibericus    . 

.       do.  viiore  vario 

undid.    . 
Manatus,  ex  Jamaica 

alius  . 

M:umorItal.  album    . 

aliud  2.700 

aliud      .     . 

nigrum    . 

aliud 

Marga  Marlyensis 
Mica  panic,  squam.  uuri 

colorib.     . 
aliud 


4.585 
5.106 
3.530 
4.325 
3.240 
2.507 
3.994 

3.348 
2.270 
2.330 
2-707 
2-718 
2.765 
2.683 
2.704 
2.428 

2.564 
2.631 


Argentea  partic.  dis- 

tinct. .    2.192 

partic  squammos.  & 

membran.  mistis  4.383 

ex  freto  Davisi  2.644 

membran.  nigris  3.000 

Namurcensis  cxruleus  .  5.000 
Nephriticus  .  .  .  2.894 
Nitrum.  album  ex  Pennsylva.  2.680 

Curassi- 

vicum  2.681 
Oculus  catti  .  .  .  3703 
Ollaris,  Lapis  fibris  acerosis-} 

friabilibus  in-  C  3.163 
carnatus         J 

ex  fodina  ferri  Lan-  j  9  .,  „ 

gron  Cumbria     5  <J,°18 


Onyx 

aliud,  semuliapli.  1',.  Ind 

Opalus,  ex  Eibenstock 
Ophites  nigricans  punct.  alb. 

Misnia  .        .    2,883 

virens,  venis  ritrinis 

&  alb.  Sahlberg 


2.547 
2.240 
1.860 
2.553 


Osteocolla 
Plumbago,  vulgaris    . 

ex  Pennsylv. 

Porcellanum,  purius  Sinense 

aliud  .  2.3241 

rudius  Sinense  2.346 

Portlandicus  Lapis     .        .  2.570 

Pseudo  llyacinthus    .        .  2 63 1 

Jaspis     .        •        .  2-666 

Topazius  .  2.672 

alius        .  4.270 

Pyrites    serosus    aureo~\ 


nsj 


4.027 


virescens,  ochra  ' 
metal,   consper 
sus,IIohensolm 
-   cupri    saturatis.    } 

ochra  sua  viridi  C  3.988 
maculatus         j 

ex  Cornuallia  .    4.158 

fulvo  fuscus 

Mt.  Andrea 
Goslar 
Fahlun 


7.514 


micaceus  flavus 


ferri  flavus  cubical 

cubicus  nitidiss. 

Cornwall 

■   incarnatus 

cubicus    .     . 

Quartzum  puriss.  varior 
Germ  an  ix 
et  Pennsylv. 

aquei  color. 

pelluc.  ochra 
ferri  tinct. 
Pennsylva. 

opacum  alb.     . 

iiiveum  pellucid- 

purpureum,^ 

psuedo  ame-  ! 
thyst.  Uohe-  f 
mia  J 

Rag   ..... 

Rottenstein 

Sapphims  .... 

alius,  palli; ' 

ruleus  . 

pallidi  colons      . 

oriemalis 

Sard  achates 

Sardonyx  red  passing  to  the 
Onyx,  England    . 


3800 
3.719 
4.012 

4.789 

3.678 

2.763 


2.630 

2486 
2.664 

2.520 

2.470 

1.980 

4.090 

4  068 
3.562 

2.625 
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(mMUia  cxruleus       •  3.500 

Suscinereusfrag^seu  - 

Ardesia  alb.  •         •     .*.■«>■*  i 
ruber  fragilis,  Fahlun  2.526 

tie^es  2.322- alius         .     2.252 

Osnabrugensis        .     2.657 

Silex  vulgaris     •        •        •       " 

pclluc.dus      ,   •     .    •     j-™* 

|_ _ Bvitannicus   2.696 

"_       Brazil       ■     2.591 

. alius        •     2.676 

-  alius         .     2.755 
.  subcinereus 

(Ceylon)    4.8304 
.  Ceylon  fla-^ 
vescens 


.2.655 


pond.  12lbs. 

ex  Corn- 

wallia    . 


, Egyptius 

I'yromachus 


2,658 
2.578 
2.603 


Siliqua/trum  alb.  color.  Angl.  2.838 

Slate,  Hibernicus        .        ■     Z^JK} 
Smaragdus  octohed.  part-\ 
green  and  di-/ 
tphanOus-.theV      ->-095 


tne> 
other  opaque, V 
asli  col.  Peru-' 
.  vulgaris  . 

_  orient  alispellu- 
cidissim. 


Smiris  solida 

alia 

ex  Insul.  Naxos 

.  Normannia 


2.777 

2.700 
4  000 
2.766 
3.067 
3-038 
Steatites  subdiaphanus  cor-  \  %758 

nuns  cserulesccns      3 
Stellatus  Lapis   .         •        •     jAW 
Sputum,  various,  but  uncer- 
tain  of  their   exact 
nature,  but  probably 
tluor    spars  chiefly! 
the  sp.  grav.  varying 
from.        ■     6.640  to  2.519 
Talcum  Britannicum  .         •     2.600 

Jamaica  •         ■     jgj 

Sibem.         •         •     |^2 

Venetum       .        •    Z-(X 
friabile,  molliusculum 


alb.  opacum 
Terra  fertilis  hortorum 

Lemnia 

Savonensis 

Siringum  Kothomagi 

Topazus    . 

• alius,  pallide  flave- 

scens 
Tophus,  sive  Tiras     . 


2.680 
1.630 
2.000 
2.094 

3.08S 
2.653 

3.618 
1.410 


Turcois,  2.508  alia     .  2.908 

Turmaline,  cryst   nigr.  saO 

turo  flammx  olore  C    2-'J52 
ex  Ind.  orient  j 

aliud,  ex  obs.CEpini  3.000 

aliud,  ex  Gazophy. 

lacio  Gaubii        .    3.2941 

aliud,  minus  saturi 

coloris  .        .     3.2222 

— . aliud,  saturo  flam- 

meum       /  .         .    3.0074 
Vitrum  puriss.  alb.  Britan.      3.150 

__ aliud     .     3.380 

ex  quo  specula  2.888 

Venetum  alb.  ex  quo 

pocula  1.791 

viride,  ex  quo  recipien- 

tia  Chemica  2   20 

, Lagena:  2     >6 

cacrul.  pellucid.      .     3.102 

aliud    .         .    3.885 

Ex  sequent,  vitris  mondial 
faminarum      ! 
facta,  vulgo    f 
Kraalen  J 

cxvul.  opacuiii 
album  opacum 


2.479 
2.578 
pellucid.  2.448 
.  viride  pellucid,  2.000 
il.ivum  pellucid.  2..S25 
■  sanguineus)  pel- 

2.567 
2.6S1 
4.600 
1.821 

2.006 


lucid. 
Arena  alba  vulgaris    • 

nigra  magnetica 

Argilla  Ilollandica  humid. 
Lateres  durissimi  cr  hoc 

Argilla 

Vegetabilia. 
Lis ' 

Abies,    mas  0.550    forme* 
Acer  . 
Agadiadata 
Almis         . 

Aloes  American,  map  trunc. 
siccus     . 

alia  pars  interior 

Aloe,  sive  Calambac    . 
Amboinense 
Arbutus  Hispan. 
Aurant.  mains    . 
Axi  sive  Capsicum     . 
Berberissa . 
Bolletree    .         •         • 

alia     . 

Brazilian)  rubratn  •  .  • 
Buxus  ex  Turcico  impeOO. 
Gallia 


0.498 
0.755 
1.2617 
0.800 

0.358 

0.15865 

1.177 

0.691 

Q.866 

0.705 

0.861 

0.8562 

0.9666 

0.8204 

1.031 

0.919 

0  913 
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Buxus  ex  Holland 
Campechire 
Camphora  Sumat. 
Caliatour 
Caro  equina 

Sorrinamia 

Cayaten 

Cedrus  Indica     . 
Sylvestris 


-  ex  Falestina 


Cerasus      .... 

Citrus  Hispaniensis     . 

Cinnamomi  ramus 

Cocos  lignum     . 

Coco  putamen    . 

Colopesium 

Colubrinum  ex  Ind.  Hispan. 

1 Britan. 

Corallinum 

Corylus      .... 
Cupressus  Hispanica  . 
Cydoni.t  vulgaris  Hispan.   . 
Ebenum  Indicum 

Mauritii 

—  American. 

■ aliud,  sive  Cytisus 

Alpinus 
Fagus         .... 
Fernambucum    . 

Fiset 

Fraxinus  in  ramo 

in  stipite 

* . —  sicca 

Gleditsia     .... 
Granadilla  .... 
Granatus  Hispaniensis 
Guajacum  .... 
Guajaci  Cortex  . 
.Tasminus  Hispaniensis 
Juniperinum 
Laurus   latifol.  Uelgic. 

Hispan. 

Lentiscus  .... 
Limones  Hispaniensis 
Locust  dictum  . 
Litters,  sive  variegatum 
Virgin  ix  . 

aliud  1.300— aliud 

Mahogany  .... 
Divi  Martini 
Mastichinum 


aliud 


Mespilus  Belgica 
Metrosideros 
Morus  Belgica    . 

Hispaniensis 

Nephriticum 
Nux  Hollandica 
Gallica 


1.328 

0.913 

0.8446 

1.0256 

0.943 

1.000 

0.690 

1.315 

0.596 

0.613 

0.715 

0.7263 

0  5934 

1.0403 

1.340 

1.116 

0.7634 

0.7169 

0.6277 

0.600 

0.644 

0.705 

1.209 

1.193 

1.331 

1.146 

0  852 

1.014 

0.7777 

0.734 

0.845 

0.800 

0  8863 

1.354 

0.822 

1.333 

1.250 

0.770 

0.556 

0.524 

0.822 

0.849 

0.7033 

1.0714 

1.192 

1.313 

1.063 

0.9857 

0.849 

0.9091 

0944 

1.023 

0.749 

0.897 

1.200 

0.636 

0.671 


Nux  Americana         .        .  0.643 

Oka 0.927 

Oxycantha  .  .  o.; 

Fariera  brava     .        .        .  0.800 
Paradiso  Hispanis,  an  Oleas- 

trum     .        .  0.; 

Ficca  ....  0.300 

Pom  us        ....  0.793 

Populus      ....  0.383 

alb.  Hispaniensis    .  0.5294 

Provens  purpureum  .        .  1.358 

Pi'unus       ....  0.785 

alia         .         .        .  0.663 

Purpureum  sive  Canotepi  0.857 

aliud        .        .  0.97308 

Pyrus  ....  0.661 

Quercus,  medulla  (60  years)  1.170 

Alburnum      .        .  1.078 

alter.  Medulla       .  1 208 

Alburnum     .  1.108 

alius  Quer.  Medul.  1.116 

inter  Medul.  &  Albur.  1.076 

Medulla,  100  years  1.169 

Alburnum  of  1  126 

inter  Medul.  &  Albur.  1.166 

Medul.  110  years  1.110 

Alburnum  of        .  1.096 

inter  Med.  &  Alhur.  1.135 

. Turcica,  Azyn  dicta  0  938 

ltegium       ....  1.042 

Hosmarinum  .  0.7284 

Uhodium     ....  1.132 

Sakkerdane         .         .        •  0981 

Salamandriae       .         .        .  0.801 

Salmony     ....  0.851 

Salix  .  0.585 

Sambucus  .        .  0  695 

Sanderen    ....  1.222 

Santalum  album  .        .  1041 

citrinum     .        .  0.809 

rubrum      .        .  1.128 

Sapan  .         .         .        .0  928 

Sassafras    ....  0.482 

Siamense  rubrum      .        .  1.12674 

Suber  ....  0240 

Suikerkisten       .         .        .  0.644 

Syringa       ....  1.0989 

Tamariscus  alba         .         .  0.898 

rubra       .  1.175 

alia  .        .  1.017 

Taxus  Hispanica  .  0.807 

Hollandica       .         .  0.788 

Thuya         ....  0.5608 

Tilia 0.604 

Ulmus  ex  stipite        .        .  0.671 

ramo  .        .  0.600 

Vitae 1.327 

Radix  Chinae       .        .        .  1.071 

Gentians        .       .  0.800 
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Radix,  Hub.  Tinctor. 

Ilypecacoannx 

Cortex  peruvian. 
winteran. 


ciimamomi 
■  cascarillae 


Galla  . 
Avena 
Horde um    . 
Pisa  alba  sicca 

cxrulea 

Triticum    . 

. — --  farina 


Cinis  L'tgni 
Caryophylli  Aromatici 
Nux  Moschata  . 
Piper  nigrum 
album 


ft  fur- 
uriUus 
turfure 


Resin*  &  Gummi, 

Aloe  Succot. 

Ammoniacum 

Animx 

Arabicum  (aliud  1.430) 

Asafoctida  . 

Bdellium     . 

Benzoin 

Camphora  . 

Caranna 

alba 

Catechu 

Carriman  (picis  species) 

Cerabouly  . 

Copal 

Cowenaly    . 

Elemni 

Galbanum 

Guttur 

Heder* 

Hypocistis  . 

Hayawa  alba 

nigra 

Lacca 
Ladanum   . 
Mastiche    . 

aliud 

Mvnha 
Opium 

aliud 

Opobalsamum 
Opoponax 
Ostescolla  . 
Pix     . 

-  Burgund. 
Resina,  Guajaci 

Jalapii 


0.765 

1.14432 

0.784 

0.9268 

0.689 

1.18181 

1.034 

0.472 

0.658 

0.807 

0.795 

0.757 

0.495 
0.454 
0.930 
0.998 
1.083 
0.996 
1.250 


1.358 

1.238 

1.091 

1.375 

1  251 

1.476 

1.241 

0.996 

1.146 

1.065 

1.200 

0.767 

1.0333 

1.073 

1.04334 

1.041 

1.060 

1  175 

0.946 

1.243 

0.8711 

0.91139 

1.154 

2.209 

1.081 

1.04166 

1.250 

1.363 

1.360 

1.231 

1.480 

2.240 

1.5714 

1.150 

1.224 

1.400 


Resina,  Scammonii 

.     1.200 

Sagapenum 

.     1.212 

Sandaracha 

.     1.052 

Sanguis  Draconis 

.     1.280 

Scammonium 

.     1.432 

Thus 

.     1.071 

Tragacantha 

.     1.333 

Bitumina  &  Salia. 

Asphaltum 

Bitumen  solid,  puris.  Gagas 
dictum 

aliud  . 

solidum  nigrum  . 

Succinum  pellucidum 

ex   Helvetia 

■  aliud  pingue 

citrinum 

Sulphur  minerale 

pellucid.  Persicum 

nativ.  pellucid,  rub. 

Transylv. 

iEgaei  maris  . 

Guadaloupe  . 

Quito      . 

vivum    . 

Bores    • 


Alumen 

aliud 

Borax 

alius 

Cineres  Clavellati 
Magisterium  Corallii 
Nitrum 


purum  . 
fixum    . 
regeneratum . 
cubicum 


Sal  ammon.  purum 

piii'issimum 

rixum     . 

—  Chalybis 

—  vol.  Corn.  Cerv.     . 

—  Enixnm 

—  tebrifug.  Sylvii 

—  Gemmx 

—  Marinum 
depuratum 

—  Mirab.  Glaub. 
aliud 

—  Guajaci 

—  polychrest     . 
aliud 

—  Prunella 

—  Sedativ.  Hombergii 

—  Volat.  siccum  ex  ? 

ungulis  equi.  i 

—  Vitrioh 


1.400 

1.203 

1.238 

1.744 

1.065 

1.08014 

1.087 

1.110 

1875 

1.950 

2.871 
2.018 
2.077 
2.908 
2  000 
0.9438 
1.714 
1-738 
1.720 
1.714 
3.112 
2.230 
1.900 
1-9299 
2.745 
18744 
1.8694 
1.453 
1.4202 
1.6126 
1.733 
1.496 
2.148 
1.1365 
2.143 
2125 
1.9183 
2-246 
1.4063 
2.148 
2.141 
2.5602 
2.148 
1.4797 

1.5093 

1.900 


■ 
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Tables  of  Specific  Gravities — Continued. 


Sacch.  Saturni    . 

albissimum 

Tartarus  Crudus 

, Cremor 

._.' Emetic 

—  Vitriolat 

- —  alius    • 

Vitriolum  Britannic. 

. —  album 

. Dantzic 

. Rubefact 

in  Lapide 


Jnimahtm  partes. 

Adipes,  purified — viz. 

Adeps,  ex  mustela  putorio 

Equina    . 

bovina  circa  Uencs  . 

bovina     . 

ovilla  circa  Itenes  . 

ovilla 

suilla  circa  Ttenes 

sive  lanlum 

vilulina  circa  llenes 

humana    frigens 

gradu  31 
Aorta  hominis,  50  annor     . 
Musculus  bovinus 

vitulinus 

ovillus 

^—~ —  cuniculi 

Peril  ricis     . 

Suis 

— . Hominis  50  an.    . 

Cerebrum  Hominis  adulti  . 
Cutis  Suis  .... 

Hominis  50  annor. 

Cartilago  ex  Sterno  horn. 

50  an.    . 
Dens  Hippopotami 

Kosmari  (Walrus) 

Balaenae  (Cajelot) 

Ebur 

molaris  Elephanti 

Lien  hominis  50  annor. 
Ren  bovis   . 

vituli    . 

ovis 

cuniculi 

Ilepar  bovis 

vituli 

ovis 

cuniculi 

Gallinse  . 

Hominis  50  years   . 

Ventriculus  Gallina  . 
Pancreas  hominis  50  years 


2.3953 

1.606 

1.849 

1.900 

2.246 

2.298 

2.5904 

1.880 

1.900 

1.715 

1.900 

4  300 


0.9401 

0.9748 

0.929 

0.955 

0.9432 

0.950 

0.947 

0.954 

0.944 

0.9611 

10714 

1.075 

1.070 

1.051 

1069 

1.0575 

1.060 

1.05.59 

1.0310 

1.090 

1.00846 

1.13636 

2.040 

1.933 

2.0444 

1.825 

2.22137 

1.060 

1.059 

1.053 

10526 

1.109 

1.0744 

1.1029 

1.0937 

1.080 

1.077 

1.05263 

1.070 

1.10294 


Cor  hominis  ejusdem 
Tendo  musculi  homin.  ejusd, 
Nervus,  idem 
Bezoar,  Occident. 

oriental  . 

alius 


genuinus 


Calculus  vesicfe  human. 

alius  . 

ex  renibus  hominis 

vesica  fellis 


alius  ex  ves.fel.^ 

Homin.  recen»,\ 
50  years  3 

ex  Lactibus  Aselli 

majoris     . 

Corallia  rubra     . 

a'ba 

Cornu  Ariel,  recens     . 

Bovis 

Cervi 

Hxdi  recens 

Rhinocerotis 

Lapis    ex   capite   Bascia 

(piscis  Guinea) 

Cobra  di  Capello  uni- 

color. 

1 bicolor. 

(Jnicornu    .... 
I'cdro  delporcoMalaccensis 
Tentacula  Echini  marini  . 
Margarita  orientalis    . 
Margaritifera  Concha 
Cocble?e  Concha 
Muricis  Concha  . 
Ostreae  Concha    . 
Peclunculi  testa  alb.  ex  lit- 

tore  Holland. 

cxrulea  . 

— nigra        • 

fusca 

ex  alb.    et 

cxrul-  varieg 
Ovum  Gallinaceum     . 
Mel  vulgfre 

aliud 

Ceraflav.  ex  Muscovia 

Dania 

Frisia 

Holland  . 

alba,  puriss.  ex  Holland 

mixt.  ex  Muscov. 

et  Hoi. 

■ ex  mari  Baltic     . 

mixt.  cum  adipe 

ovilla     • 


1.01777 

1.125 
1.500 
1.530 
1.640 

1.6282 

3.664 
3.600 

1.220 

1.1346 


viridis  ex  Myrto  Brabant 

Oculi  Cancror.  veri 


2.689 

2.500 

1.24916 

1.689 

1.875 

1.274 

1.242 

2.830 

1.90816 

1.8148 

1.910 

0.6208 

1.041 

2.750 

2.480 

2.520 

2.892 

2.857 
2.826 
2.888 
2.888 

.  2771 

0.965 
0.9  >2 
0.965 
0.960 
0.9663 

0.9648 
0.8204 

0.9506 
1.0088 
1890 
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Tables  of  Sfiecific  Gravities — Continued. 


OcuVi  Cancror.  spurii        .  2480 

Ossaovis  recentia      .         .  2.222 

. bovis  sicca  .         •  1.656 

, petre  facta  •         •  1-895 

Phosphorus  urinx  Anglicus  1.7143 
Sed  mult,  dijjlrt.  £$ 


Flvitia. 


Aer.prope  solum,  ab.  O.OOlf 

aa.  0.001  J 
Aqua  pluvia 

, .  distillata     . 

. alia 

. marina 

alia 


. putealis 

fluviatilis    . 

Fortis  vulgaris    . 

optima 

Regia 

Spadana     . 

Acetum  Cerevisise 

vini 

distillatum 

Ammoniaci  Gum.Tinct. 
Antimonii  Bulyrum    . 

—  Tinctura     . 

Bals.  Tolu 
Benzoini  Tinctura 
Bilis  Bovina 

vitulina 

ovilla 

humana 

Cortic  peruv.  Tinct.  . 
Lac  Asininum 

Bubulum   . 

Caprinum  . 

Ilumanum  •         •    ~"~ 

Lactis  Bovini  Serum  .  .  1-016 
Laudanum  liquid.(Sydeiiham)  1.024 
Lixivium  Tartar.  •     1-550^ 

Cineris  Clavellati  .     1.5713 

aliud     .         •         -     l-56^4 

Salts  marin.  solut.  saturain  aq.  1244 
Uiiiia  humana    .         •         •     1016 

alia     .         .     1-030 

Urinx  Spivitus   .        -         •     1 10° 

recent.  Spirit,  rectific.  1102 

putrefact.  Spif itus  . 


1.000 

0.997 

0.993 

1.030 

1.02U 

0.999 

1.009 

1-300 

1.409 

1-234 

1000 

1.034 

1.011 

1.030 

0.899 

2.470 

0.866 

0.896 

0.9005 

1.0246 

1.0072 

1.0072 

0.900 
1.021 
1.030 
1.009 


Oleum,  Ambrx 

Amygd.  dulc. 

Arrethi   . 

Aurantiorum 

Athanasix 

Carui 

Campechix 

Garyophyllor- 

Cera 


0.978 
0.928 
0.994 
0  888 
0.946 
0.940 
0.931 
1.034 
0-831 


Oj^um,  Cinnamomi 

— ■ Citri  stillatitum 

Cumini  . 

Funiculi 

Gagati  nigri   . 

llyssopi 

.luniperi 

Kennekemalo 

Lini 

Mentha 

Nucis  express. 

Moschat. 

aliud 

Olivarum 

Origani  . 

Fetrolii  vel  naplitha 

Pulegii  . 

Quercus 

Raparum 

liorismarini    . 

Hutsc      . 

Sassafras 

Sabinx    . 

Spicx     . 

Succini  . 

Tanaceti 

Tart  per  deliq. 

Terebinthina 

Vitrioli  vulgar. 

conccntrat. 

aliud 


Sanguis  humanus 

alius  spissior 

venosus 


■  a  quo  secessit  serum 


Sanguinis  buman.  serum 
aliud 


.  cuticula 
alba   • 


—  porcinus     . 

—  hu jus  serum 

—  agninus 

—  h'ujus  serum 

—  caninua  arteriosus 
-  venosus  . 


vaccinus      . 
—  hujus  serum 


Spiritus  Ambrx 

anibi 

opyis  (arrack) 

corlic.  citri 

Cornu  cervi 

a  Gau- 

bio  pp.  - 
(■'rumentiprxciurens 

ditto  . 
Nfellis  • 
Juniper! 
Nitii  communis. 


1.035 

0.842 

0  975 

0.997 

1.000 

0.986 

0.911 

0.9458 

0.932 

0.975 

0.948 

0.958 

0.913 

0.940 

0.703 

0.978 

0.929 

0.H53 

0.934 

0.975 

1.094 

0-98rt 

0.936 

0.97S 

0.946 
1.550 

0.792 

1.700 

1.827 

1.877 

1.040 

1056 

1.0623 

1.084 

1.027 

1.030 

1.056 

1.057 

1.035 

1.060 

1.019 

1.082 

1.062 

1.05S 

1.042 

1.031 

0.9938 

0.9405 

0.870 

1.073 


1.06H 

0.9855 

0.895 

0.9S5(> 
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Tables  of  Sjiecific  Gravities — Continued. 


Spiritus  Nitri    alius  . 

. ■  alius  . 

rectific 


cum 

Nit.  sic.     . 

Hermeticus 

cum  oleo 
Vitrioli 
Gaubio  pa- 
ratus 
rectific 


} 


dulcis 
Bezoardic. 


Salis  amnion,  cuml 
cinere  £» 
clavel.  j 

calce 

— — — —  alius 


Marini  cum  bolo 

alius    . 

alius    . 


dulcis 
■  alius 

•  cum  01.  Vitriol, 
alius 

01.  V.  bis 

rectific.  . 
Serici     . 
Succini 
Sulphuris 
Terebinthinae 
Tartari  . 


1.410 
1.458 

1.475 
1.610 

1.495 

.1.583 
1.000 
1.315 

1.120 

0.952 
0.890 
1.202 
1.130 
1.037 
0.951 
0.890 
1.146 
1.154 

1.118 
1.145 

1.030 
1.019 
0.874 
1.073 


Spiritus,  Ros  Solis  dictus  . 

Vini  rectific.  . 

—  Gallic,  vulgar. 

Alcohol  . 

iEthereus 


Vitrioli 


Tr.  Aniimonii 

—  Chalybis  Minsycht. 

—  China;   .... 

—  Gum.  Ammoniac  . 
Vinum  alb.  Gallic,  vulgare 
moschar- 

dinum 
Frontignanum 

Burgundicum 

Aurelianense  . 

Campienum    . 

rubrum  Laurentii  . 

Pontacq. 


Ilispan.  Tintilla  di 
Rota  . 

ex  Malaga 

ex  Xerez    . 


■  Canariense 
•  Hispan.  Malvasinum 

Mosellanum   . 

■  aliud 

■  Rhenanum 
rubrum,  Cape  of 

Good  Hope 

■  album     do.        do. 


i.oo«r 

0-9874 

0.815 

0732 

1.203 

0.866 

0.853 

o.yoo 

0899 
1.020 

1.000 

0.996 

1.00513 
0.993 

1.0303 

1.0159 

0.998 

1.033 

1.008 

0.916 

0.902 

0.9995 

1018 
1.039 


(£7*  Specific  gravity  varies  in  bodies,  both  solid  and  fluid,  in  winter  and  sum- 
mer -.  for  all  bodies  are  rarefied  by  the  summer's  heat,  and  condensed  by  the  cold 
of  winter.  Nor  is  this  change  equal,  but  of  great  difference.  Fluids  expand 
more  by  the  same  heat  than  solids— and  those,  most  so,  that  imbibe  heat  and 
retain  it  best,  &c. 

This  is  proved  by  the  experiments  of'Homberg  and  Eisenschmidius— in  which 
the  weight  ol  the  substance,  =  to  a  Paris  cubic  inch,  was  employed ;  but  the 
degree  of  Heat  and  Cold  is  not  stated. 


jEstate 


5  grs. 


Hyeme 


3  g''s- 


Mercurius  .     . 

.    .    7 

1 

66 

Ol.  Vitriol    .     . 

.    0 

7 

59 

Sp.  Vitriol    .     • 

.    0 

5 

33 

Nitri      .     .     . 

.     0 

G 

24 

Salis      .     . 

.    0 

5 

49 

Aquafortis  .     . 

.     0 

6 

23 

.     0 

5 

15 

distillat. 

.    0 

5 

11 

4 

32 

Lac  Rubulum  . 

.     0 

5 

20 

Aq.  fluviatilis  . 

.    .    0 

5 

10 

putealis     . 

.    0 

5 

11 

distillata    . 

.     .    0 

5 

8 

7 

2 

11 

0 

7 

71 

0 

5 

38 

0 

6 

44 

0 

5 

55 

0 

6 

35 

0 

5 

21 

0 

5 

1.5 

0 

4 

42 

0 

5 

25 

0 

5 

13 

0 

5 

14 

0 

•5 

11 

SPECIFIC   GRAVITY  OF  ELASTIC    FLUIDS.  XllX 

Sfiecific  Gravities  of  the  Elastic  Fluids,  that  of  air  being  taken  as  unity  * 


Names  of 
The  Elastic  Fluids. 


Densities 
deterirCd.  by 
experiment. 


.0000 


Jieiusilies 

by 

calculation. 


Air 

Vapour  of  iode     . 

Vap.  of  hydriodic  ether  5.47' 

Yap.  of  essence  of  tur- 
pentine   .     .     .      5.0130 
Hydriodic  gas      .     .      1.4430 

Fluo  silicic  gas    .     .       3.5735  (1) 
Chloroxicarbonic  gas 
Nitrous  acid  gas  .     . 
Vapour  of  sulphtiret  of 

carbon  .  •  .  3.6447 
Vap.  of  sulphuric  ether  2.5860 
Chlorine  ....  2.4700 
Buchlorine  .  .  • 
Kluoboric  gas .  .  .  2.3709 
Vap.  of  hydrochloric 

ether   ....      2.219 
Sulphurous  acid  gas      2.1930 
Chlorocyanic  vapour 

Cyanogen    ....      1.8064 

Vap  of  absolute  alcohol  1.6133 
Protoxide  of  azote  .  1.5204 
Carbonic  acid  .     .     .      1.5196 

Hydrochloric  gas     .      1.2474 

Hydrosulpliuric  gas  .      1.1912 

Oxygen  gas     .     .     .      1.1036 

Deutoxidc  of  azote  .      1.0388 
Percarbureted  hydro- 
gen gas    .     .     .     0.9784(11) 

Azotic  gas  ....     0.9691 

Gaseous  oxide  of  car- 
bone     ....     0.9569 
Hydrocyanic  vapour     0.9476 


Phosphuretcd  hydro- 
gen     .     .     .     . 
Vap.  of  water  (steam) 
Ammoniacal  gas  .     . 


8.6195 


4  4288 


Names  of  the  Observers. 


3.3894  (2) 
"  1764  (3) 


2.4216(4) 
2.3144(5) 


2.2072 
2.1113 

1.8011 

1.6030  (6) 
1.5209  (7) 


1  2505(8) 
1.1768  (9) 


0.870 

,0.6235 

0.5967 


Protocarbureted   hy- 
drogen gas  .     . 
Arscniated  hydrog.  gas 
Hydrogen   gas     . 


1.0364(10) 


0.9678 

0.9360 


0.6250(12) 
0.5943 


Gay  Lussac,  Ann.  de  Chim.  v. 

xci.  p.  17. 
Gay  Lussac. 

Gay  Lussac. 

Gay  Lussac,  Ann.  de  Chim.  v. 

xci.  p.  16  8c  17. 
J.Davy, Phil. Trans.  1812, p.  354. 
.1 .  Davy,  Phil.  Trans.  1812,  p.  150. 
Gay  Lussac. 

Gay  Lussac. 

Gay  Lussac. 

Gay  Lussac  and  Thenard. 

Gay  Lussac. 

J.Davy,  Phil.  Trans.  1812,  p.  366. 

Thenard,  Soc.  d'Arc.  v.  i.  p.  121. 
Davy,  Bibli.  Brit.  v.  lv.  p.  114. 
Gay  Lussac,   Ann.  do  Chim.  v. 

xcv.  p.  210. 
Gay  Lussac,  Ann.  de  Chim.  v. 

xcv.  p.  177. 
(Jay  Lussac. 
Colin. 
Hiot  &  Arago,  Mem.  de  lTnst. 

1816,  p.  320. 
Biot  &  Arago,  Mem.  de  lTnst. 

1806,  p.  320. 
rhenard  &  Gay  Lussac,  Iteserch. 

I'h\  sico-Chim.  1.  p.  191. 
Biot  &  Arago,   Mem.  de  lTnst. 

1806,  p.  320. 
Berard. 


05550 
0.5290 
0.0732 


0.5624  (13)  Thc.nson.Bibl.  Brit.  v.  lv.  p.  123. 
Promsdorf. 

Vrago  &.  Biot,  Mem.  de  rlnst 
1806,  p.  320. 
•  Extracted  tron,  the  Annals  of  Chcm.  1816,  vol.  t,  p.»»,*J  *"?  I,.S*c. 


Pheodore  de  Saussure,  Ann.  de 
Cli'mi.  v.  lxxxix.  p.  283. 

Vrago  &.  Biot,  Mem.  de  lTnst. 
1806,  p.  320. 

Cruickshanks. 

Gay  Lussac,  Ann.  de  Chim.  vol. 
xcv.  p.  150. 

Davy,  Phil.  Trans.  1812,  p.  408. 
Gay  Lussac. 

Uiot  &•  Arago,  Mem.  de  l'Inst. 
1806,  p.  320. 


APPENDIX. 


Observations. 


(1)  Mr.  Thomson  (Bibl.  Brit.  vol.  55.  p.  Ill)  gives  a  different 
result,  to  wit,  2.990  ;  but  Mr.  John  Davy,  having  ascertained  that 
an  empty  vase  acquired  an  augmentation  of  weight  of  10.2  grs. 
when  filled  with  air,  and  an  augmentation  of  grs.  36.45  when  filled 
with  fluo-silicic  gas,  finds  that  \6o:.42s=  3.5735. 

(2)  The  chloroxicarbonic  gas  is  formed  of  a  combination  of  one 
volume  of  chlorine,  2.4216,  and  one  volume  of  the  gaseous  oxid  of 
carbon  0.9678  condensed  into  one. 

(3)  The  density  of  the  nitrous  acid  that  is  given  in  the  table,  is 
taken  from  the  observation  that  I  have  made,  that  this  acid  is  form- 
ed of  two  volumes  of  the  deutoxide  of  azote  and  one  volume  of 
oxygen  condensed  into  one.  There  exists  another  nitrous  acid  com- 
posed of  4  volumes  of  the  deutoxide  of  azote  and  t  volume  of  oxy- 
gen; but  it  has  never  been  obtained  pure. 

(4)  M.  Thenard  and  myself  had  found  (Re  ch.  Phys.  Chem. 
vol.  2,  p.  125),  that  chlorine  weighs  2.470.  Mr.  Thomson  has 
found  it  2.713  (Bibl.  Brit.  vol.  45,  p.  118);  nevertheless,  I  think 
that  these  results  are  too  large.  Mr.  Davy  has  found  it  only 
2.395^;  and  as  it  is,  moreover,  very  certain  that  one  volume  of 
chlorine  and  one  volume  of  hydrogen  make  exactly  2  volumes  of 
hydrochloric  gas ;  one  can  obtain  the  density  of  the  chlorine  by 
subtracting  the  half  of  the  density  of  the  hydrogen  0.0366  from 
that  of  the  hydrochloric  gas  1.2474,  and  then  doubling  the  differ- 
ence: thus  we  shall  have  2.4216  for  the  density  of  the  chlorine, 
and  I  believe  it  very  exact;  because  we  know  with  much  precision 
the  density  of  the  hydrogen  gas,  and  that  of  the  hydrochloric 
gas. 

(5)  What  we  are  to  understand  here,  by  Euchlorinc,  is  a  gas 
composed  of  2  volumes  of  oxygen  and  one  volume  of  chlorine,  re- 
duced to  2  by  combination.  This  gas  is  obtained  by  decomposing 
the  chlorate  of  potash,  by  strongly  concentrated  sulphuric  acid. 
Mr.  Davy  says,  that  by  decomposing  it  over  mercury,  he  had  ob- 
tained for  two  volumes  of  the  gas,  nearly  two  volumes  of  oxygen 
and  one  of  chlorine.  I  have  made  the  analysis  by  a  particular  pro- 
cess, exempt  from  every  source  of  error,  and  have  found  that  it 
contains,  exactly,  two  volumes  of  oxvf-;en,  and  one  of  chlorine  con- 
densed one  third.  It  is  from  these  results  that  the  density  is 
found  2.3144.  The  first  compound  that  Mr.  Davy  has  described 
under  the  name  of  euchlorine,  appeared  to  be,  according  to  him,  a 
mixture  of  this  latter  gas  and  chlorine. 

(6)  The  vapour  of  absolute  alcohol  may  be  considered  as  com- 
posed of  one  volume  of  defiant  gas,  and  one  volume  of  the  vapour 
of  water,  condensed  into  one.  It  is  from  this  consideration  that  we 
find  for  the  density  of  the  vapour  of  alcohol  1.6030. 

(7)  The  density  of  the  protoxide  of  azote  has  been  taken  by  M. 
Colin  in  the  laboratory  of  the  Polytechnic  school.  It  is  a  long  time 
since  I  have  fixed  it  by  calculation  at  1.5209,  because  I  knew  that 
the  protoxide  of  azote  is  formed  of  one  volume  of  azote  and  half  a 
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volume  of  oxygen,  condensed  into  one,  (Societe  d'Arcueil,  vol  2 
p.  252). 

(8)  The  calculated  density  that  I  give  here,  for  hydrochloric 
gas,  is  obtained,  by  admitting  that  one  volume  of  chlorine  and  one 
volume  of  hydrogen  produce  two  volumes  of  the  hydrochloric  gas, 
and  that  the  proportional  number  of  chlorine  is  44,  and  that  of  hy- 
drogen 1.3265. 

By  calling  D  the  density  of  the  hydrochloric  gas,  and  by  taking 
0.0732  for  the  density  of  the  hydrogen,  we  have  2  D  — 0.0732: 
0.0732::  44:  1.3265,  and  D  is  found  equal  to  1.2505. 

(9)  The  calculated  density  of  hydro-sulphuric  gas  has  been 
obtained,  by  admitting,  that  hydrogen,  in  combining  with  sulphur, 
makes  no  change  of  volume,  and  that  the  proportion  of  these  two 
substances  in  weight  is  that  of  20  to  1.3265. 

(10)  The  calculated  density  of  deutoxide  of  azote  is  obtained  from 
the  consideration,  that  one  volume  of  azote  and  one  volume  of  oxy- 
gen, make  two  volumes  of  the  deutoxide  of  azote. 

(IP  Mr.  Henry  had  found  that  the  density  of  olefiant  gas  is 
0.967  (Bibl.  Brit.  vol.  41,  p.  324)  :  but  M.  Saussure,  from  the  con- 
sideration that  this  gas  contains  twice  its  volume  of  hydrogen,  and 
that  it  produces  by  its  combination  with  oxygen  two  volumes  of 
carbonic  acid  gas,"  fixes  it  at  0.9784;  which  differs  but  little  from 
the  result  of  experiment. 

(12)  The  calculated  density  is  obtained  from  the  consideration 
that  two  volumes  of  hydrogen  and  one  volume  of  oxygen,  yield  two 
volumes  of  the  vapour  of  water. 

(13)  The  calculated  density  has  been  obtained  from  the  consi- 
deration that  proto-carburreted  hydrogen  gas  contains  two  volumes 
of  hydrogen,  and  that  it  gives  one  volume  of  carbonic  gas  in  com- 
bining with  oxygen.  . 

There  is  found  in  the  45th  vol.  of  the  Bibliotheca  Bntannica,  p. 
114,  a  table  of  the  densities  of  the  gases,  made  by  Mr.  Thomson. 

We  dispense  with  the  report  here,  because  there  are  a  great 
number  of  the  densities  that  are  not  exact  ;  such  are  those  ol  the 
fluo-silicic  acid  gas,  of  nitrous  acid  gas,  of  Euchlorine,  of  the  vapour 
of  ether,  of  the  vapour  of  alcohol,  of  the  protoxule  of  azote,  and  of 
the  vapour  of  water.  Many  others  are  taken  from _the  same 
sources  with  our  own,  and  we  have  availed  ourselves  of  those  which 
'o  us  appeared  to  merit  the  most  confidence.     O.  L. 
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DESCRIPTION  OF  THE  PLATES. 

PLATE  I. 

Fig.  1.  (a)  A  plain  retort,  the  neck  of  which  is  shown  introduced 
a  proper  length  into  the  mouth  of  a  plain  receiver  b.  The  dotted 
lines  at  c  show  the  receiver  with  the  addition  of  a  tubulure,  into 
which  either  a  stopper,  or  bent  glass  tube,  may  be  occasionally 
fixed. 

Fig.  2.  A  glass  alembic  ;  a  the  body,  and  b  the  head,  which  are 
ground  so  as  to  fit  accurately,  and  may  be  separated  when  neces- 
sary. The  head  b  is  so  shaped,  that  any  liquid,  which  may  be  con- 
densed, collects  into  a  channel,  and  is  carried  by  the  pipe  c  into  the 
receiver. 

Fig.  3.  A  separator,  for  separating  liquids  of  different  specific 
gravities.  It  is  furnished  with  a  ground  stopper  at  a,  and  a  glass 
stop  cock  at  b.  The  vessel  is  filled  with  the  liquids  that  are  to  be 
separated  (oil  and  water  for  example),  which  are  allowed  to  stand 
till  the  lighter  has  completely  risen  to  the  top.  The  stopper  a  is 
then  removed,  and  the  cock  b  opened,  through  which  the  heavier 
liquid  descends ;  the  cock  being  shut,  as  soon  as  the  lighter  one  is 
about  to  flow  out. 

Fig.  4.  A  glass  vessel,  termed  a  matrass,  useful  for  effecting  the 
solution  of  bodies,  which  require  heat  before  they  can  be  dissolv- 
ed, or  long  continued  digestion,  see  p.  8.  The  upper  extremity  of 
the  long  neck  generally  remains  cool,  and  allows  the  vessel  and  its 
contents  to  be  shaken  occasionally. 

Fig.  5.  A  glass  bottle  with  a  very  thin  bottom,  and  a  projecting 
ring  round  the  neck  for  suspending  it  over  a  lamp.  These  arc 
useful  lor  effecting  solutions  on  a  small  scale. 

Fig.  6.  An  apparatus  contrived  by  Mr.  Pepys,  for  ascertaining 
the  quantity  of  carbonic  acid  discharged  from  any  substance  by  the 
addition  of  an  acid.  It  consists  of  a  bottle  closed  by  a  ground  stop- 
per. This  stopper  is  perforated,  and  forms  the  lower  part  of  a 
tube,  which  is  twisted  into  the  shape  of  a  still-worm.  In  this  worm, 
any  water  that  escapes  along  with  the  gas,  is  condensed,  and  falls 
down  again  into  the  bottle.  The  experiment  is  made  precisely  as 
described,  p.  208  :  and  the  less  of  weight  is  determined  at  the  close 
of  the  effervescence. 

Fig.  7.  Mr.  Leslie's  differential  thermometer  described,  p.  54. 

Fig.  8.  (a)  An  air  thermometer,  for  ascertaining  the  temperature 
of  liquids.  It  consists  of  a  bottle,  partly  filled  with  any  coloured 
liquid,  and  partly  with  air,  a  glass  tube  of  small  bore,  open  at  both 
ends,  being  either  cemented  or  hermetically  sealed  into  the  bottle, 
so  that  its  lower  extremity  may  nearly  touch  the  bottom  of  the  bot- 
tle. The  expansion  of  the  included  air,  on  the  application  of  heat, 
drives  the  coloured  liquid  up  the  tube,  and  to  an  extent  which  may 
be  measured  by  the  application  of  a  scale.  The  fig.  b  is  another 
variety  of  the  same  instrument,  described  p.  54. 
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Fig.  9.     The  original  air  thermometer  of  Sanctorio  ;   see  p.  54. 
Fig.  10.     A  bent  tunnel  for  introducing  liquids  into  retorts,  with- 
out soiling  their  necks. 

Fig.  11.  An  adopter.  The  wider  end  admits  the  neck  of  a  re- 
tort ;  and  the  narrower  is  passed  into  the  mouth  of  a  receiver. 

Fig.  12.  A  section  of  an  evaporating  dish  of  Wedgwood's 
ware. 

Fig.  13.  (a)  A  tubuluted  retort  luted  to  (b)  a  quilled  receiver,  the 
pipe  of  which  enters  the  neck  of  a  hottle  (c)  supported  by  a  block 
of  wood. 

Fig.  14.  Different  forms  of  jars  for  precipitations,  with  lips  for 
conveniently  decanting  the  fluid  from  the  precipitate. 

Fig.  15.  A  tube,  blown  in  the  middle  into  a  ball,  for  dropping 
liquids.  The  ball  is  filled  by  the  action  of  the  mouth  applied  lo 
the  upper  orifice,  while  the  lower  one  is  immersed  in  the  liquid. 
To  the  former  the  finger  is  then  applied;  and,  on  cautiously  re- 
moving it,  the  liquid  is  expelled  in  drops. 

Fig.  16.  A  bottle  for  ascertaining  the  specific  gra  city  of  liquids. 
When  filled   up  to  a  mark   in   the   neck,  with  distilled  water  of  a 


sulphuric  acid,  the  specific  gravity  of  the  latter  is  to  that  of  water 
as  1850  to  1000. 

PLATE  11. 

Fig  17  An  apparatus  for  procuring  gases,  without  the  possi- 
bility of  their  escaping  into  the  room  during  the  p.ocess,a  circum- 
stance which  is  of  considerable  importance,  when  the  gas  has  an 
unpleasant  smell  or  deleterious  properties.  Suppose  hat  sulphur- 
etted hvdrogen  gas  is  to  be  obtained  from  sulphuret  of  iron  and  di- 
luted sulphuric  acid.  The  sulphuret  of  iron,  in  coarse  powder,  is 
put  into  the  bodv  of  the  fas  bottle  c,  with  a  proper  quantity  of 
water.  The  acid  holder  a  is  filled  with  dtl utec  1  acid,  he  cock  6 
being  shut,  and  is  then  fixed  into  the  tubulur.  o!  he  g as  b,  t,  to 
whicSh  it  is  accurately  adapted  I  by -  ? Tmding       ^^^ 

wit  r  permttcTtck  b  is^dua^y  opened    in  consequence 
watci,  uie.peiiuiaiv  bottle;  and  acts  on  the  sul- 

£££u£  the  apparatus,  «Uj.^  £**  ^dlV,  n 

may  be  repeated  as  often  as   a  found  necessary 
may  be  advantageously  adapted,  also,  to  a  icioi. 
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gas  from  diluted  sulphuric  acid  and  iron  filings)  this  apparatus  an- 
swers perfectly  well,  and  is  much  less  costly.   It  is  frequently  n 
with  a  tubulure  and  glass  stopper,  and  is   then   called  a  tubulated 
gas  bottle. 

Fig.  19.  A  gas  funnel,  useful  in  transferring  any  gas,  from  a 
wide-mouthed  vessel  into  a  jar  of  narrower  diameter,  or  into  a  bot- 
tle. When  en. ployed  for  ..his  purpose,  it  is  held  inverted,  as  shown 
by  the  figure,  the  pipe  being  admitted  into  the  aperture  of  the  bot- 
tle or  jar,  which  is  filled  with  and  inverted  in  water,  and  the  gas  be- 
ing made  to  pass  into  it  in  bubbles. 

Fig.  20.  Dr.  Hope's  Eudiometer.  The  manner  of  using  it  has 
aired Jy  been  described,  p.  107. 

Fig.  21.  A  modification  of  Dr.  Hope's  Eudiometer  described, 
p.  107. 

Fig.  22.  A  gas  receiver,  into  the  neck  of  winch  is  cemented  a 
brass  cap,  with  a  female  screw  for  receiving  a  siop-cock.  The 
vessel  b  is  a  glass  flask,  which  may  be  made  to  communicate  with 
the  interior  of  the  jar  a,  by  opening  the  cock.  When  the  appara- 
tus is  used,  it  is  necessary  to  employ  two  stop  cocks,  and  not  one 
only,  as  represented  by  the  figure.  Supposing  that  the  weight  of 
any  gas  is  to  be  ascertained,  the  flask  b  is  exhausted,  by  screwing 
it  on  the  transfer  of  an  air-pump  ;  and,  if  great  accuracy  be  requir- 
ed, it  is  proper  to  enclose  a  gage  in  the  vessel.  Let  the  flask  be 
weighed  when  exhausted;  then  screw  it  upon  the  top  of  the  re- 
ceiver containing  the  gas  which  is  to  be  weighed;  and  open  the 
communication,  observing,  by  using  a  graduated  jar,  how  much 
gas  has  been  admitted.  Suppose  this  to  be  50  cubic  inches,  by 
weighing  the  flask  again  when  full,  we  determine  the  weight  of  50 
cubic  inches  of  the  gas  under  examination.  The  experiment 
should  be  made  when  the  temperature  of  the  room  is  60°,  and  when 
the  barometer  stands  at  29.8. 

Fig.  23.  A  plain  jar  for  receiving  gases,  with  a  ground 
stopper.  f 

Fig.  24.     An  eudiometer  for  trying  thapurity  of  a  mixture  c 
gases  containing  oxygen  gas,  by  means  oT  nitrous  gas.    The  pro- 
cess has  already  been  described,  p.  266.     'Bhe   instrument  should 
be  accompanied  with  a  phial,  holding,  when  completely  full,  pre- 
cisely a  cubic  inch.  f 

Fig.  25.  A  wire  stand,  with  a  leaden  foot,  for  the  purpose  o 
raising,  above  the  surface  of  water  within  ajar,  any  substance  which 
is  to  be  exposed  to  the  action  of  gas. 

Fig.  26.  An  apparatus  for  showing  that  caloric  exists  in  gases 
in  a  latent  form.  The  application  of  it  has  been  already  describ- 
ed, p.  95.  , 

Fig.  27.  An  apparatus  for  drying  precipitates  by  steam,  de- 
scribed, p.  8.  ./''  i 

Figs.  28  and  29.  Tubes  for  exploding  mixtures  of  hydrogen  ana 
other  inflammable  gases  with  oxygen  gas,  commonly  termed  the 
Eudiometer  of  Volta;  see  p.  1 10. 
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PLATE  III. 


Fig.  30.  The  common  form  of«a  Woulfe's  apparatus.  In  this 
figure  the  retort  a  is  represented  plain,  but  it  is  better  to  employ  a 
tubulated  one.  Tlie  use  of  this  apparatus  has  already  been  de- 
scribed, p-  5. 

Fig.  31.  A  modification  of  the  apparatus,  which  has  been  already 
described.  In  this  figure,  the  mercurial  trough  is  shown  with  a 
jar  standing  inverted  in  it,  for  the  purpose  of  receiving  any  gas  that 
may  escape  condensation  by  water. 

Fig.  32.  Mr.  Pcpys's  improvement  of  Woulfe's  apparatus  de- 
scribed, p.  6. 

PLATE  IV. 

Figs  33  and  34.  Cuthbertson's  apparatus,  for  exhibiting  the 
composition  of  water,  with  the  substitution  of  gasometers  lor  the 
receivers  originally  employed  by  him.  The  apparatus  has  been 
described,  p.  1  17.  Fig.  33  is  an  enlarged  view  ot  the  conical  brass 
piece,  which  is  cemented  into  the  bottom  ot  the  receiver,  and 
throueh  which  the  gases  are  conveyed. 

Fig  35.  A  gazomcter  of  the  most  simple  and  common  con- 
struction ;  see  p.  87. 

Vir    °,fi       A  tris  holder,  described,  p.  88. 

Fig  37  A  la vanic  trough;"  see  p.  131.  The  tube  b  shows 
the  arrangement  for  decomposing  water.  The  upper  wire  may 
the  a,ianB^"1  I01 ,  ,  intl0  tneb  tube,  and  the  lower  one  passed 
Lu"orU   whSUould  have  a  small  slit  cut  in  it,  to  allow 

gen  gas ; see  P- ^  ion  of  iron.wire  in  oxygen  gas 

FIG.  °40.     Apparatus "for  decomposing  water  over  red-hot  iron  or 

charcoal;  see  p.  12°-  showine   the  diminution  effected  in 

Fig.  41.  An  apparatus  for  sl?°™n|\  .  lhcir  slow  combus- 
the  volume  of  hydrogen  and  oxygen  gases  by 

tion  ;see  p.  1  1  1.  „,„.    rontrivance    for   freezing 

Fig.  42.  A  very  simple  ™* ^^oT^  outer  vessel  of 
quicksilver  by  muriate  of  lime  and I   snov l  sevcn  .^^ 

wood  may  be  twelve  and  a  half  inches   sc  ua     ,  furnished 

deep.     It  should  have  a  wooden  cove     ,  abbeted      ,  ^ 

with  a  handle.     Within  this  is  placed  »  tm  vess  ,  ^ 

feet  which  are  one  and  a  half  inch  »«gh,and  ^f^^  a  shal. 
the  top,  half  an  inch  broadband  ^^J^  lhil-d  tf,  made  of 
low  tin-pan  c  c.  Wilhin  the  -""*£££  hi„,  This  vessel 
untinncdiron,andsuppoitedby  teet  contain  the  mercury. 

is  four  inches  square,  and  is  ">tenfle^  ^  ^.^  ^  ]ime  ^ 
When  the  apparatus   is   used,  am  completely  to  surround 

snow  is  put  into  the  outer  vessel  a  «  soas  oomp        j  ^ 

the  middle  vessel  *  6.     Into  the  Tatter,  the  v«s 
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quicksilver  to  be  frozen,  previously  cooled  down  by  a  freezing 
mixture,  is  put ;  and  this  is  immediately  surrounded  by  a  mixture 
of  snow  and  muriate  of  lime,  previously  cooled  to  0°  Fahrenheit, 
by  an  artificial  mixture  o(  snoWand  common  salt.  The  pan  c  c  is 
also  filled  with  these  materials,  and  the  wooden  cover  is  then  put 
into  its  place.  The  vessels  are  now  left  till  the  quicksilver  is 
frozen.  A  more  elegant,  but  more  expensive  apparatus,  by  Mr. 
Pepys,  intended  for  the  same  purpose,  is  figured  in  an  early  volume 
of  the  Philosophical  Magazine. 

Fig.  43.  A  wire  stand,  consisting  of  an  interior  circle,  and 
three  straight  pieces  of  wire  proceeding  from  it  in  the  same  plane, 
lis  use  is  noticed,  p.  99. 

Fig.  44.  Sir  H.  Davy's  apparatus  for  the  analysis  of  soils  de- 
scribed in  his  paper,  which  is  copied  into  the  third  part  of  this 
work. 

PLATE  V. 

Fig.  45      Pictct's  arrangement  of  an  apparatus  for  showii 
radiation  of  caloric,  unaccompanied  by  light  ;  see  p.  60. 

Fig  46  An  oval  copper  boiler,  for  exhibiting  the  most  impor- 
tant facts  respecting  latent  caloric.  The  size  of  its  different  parts 
(except  the  width,' which  is  4  inches)  may  be  learned  from  the 
scale  affixed  to  the  plate,  which  is  abundantly  sufficient  to  enable 
any  intelligent  workman  to  construct  the  apparatus.  The  CO 
joint  and  stuffing  box,  however,  it  is  indispensably  necessary  to 
describe,  especially  as  the  former  article  of  apparatus  is  generally 
constructed  on  a  bad  plan. 

Fig.  47  is  a  section  upon  a  larger  scale,  of  the  collar  joint  at  b 
(fig.  46),  made  for  the  convenience  of  screwing  together  long  or 
crooked  metal  tubes,  without  turning  them  round  :  a  is  a  section 
of  the  end  of  one  of  the  tubes,  and  b  that  of  the  other  which  is  to  be 
attached  to  it ;  c  is  a  collar  which  turns  loose  upon  the  shoulder  of 
c,  and  screws  upon  b.  By  screwing  this  collar  upon  6,  the  endee 
of  the  tube  a  is  brought  to  press  upon  the  part  d  d  of  the  tube  b, 
without  turning  round  cither  of  those  tubes.  If  upon  d  be  laid  a 
ring  of  linen  cloth  soaked  in  boiled  linseed  oil,  the  joint,  when 
screwed  up  (if  tolerable  well  made),  will  be  impervious  to  steam  as 
well  as  to  water  or  air.  The  projection  at  d  is  for  preserving  the 
ring  of  cloth  from  being  displaced,  and  for  guiding  the  ends  of  both 
tubes,  so  as  to  meet  properly. 

Fig.  48  is  a  section  of  a  socket,  for  fixing  the  stem  of  a  ther- 
mometer into  a  boiler  or  a  digester,  where  there  is  much  heat  and 
pressure  ;  b  is  a  socket  fixed  on  the  outside  of  the  boiler  or  digest- 
er, having  a  hole  through  it  large  enough  to  admit  the  bulb  of  the 
thermometer ;  a  is  a  plug  which  screws  into  b,  having  a  hole 
through  its  centre  large  enough  to  admit  only  the  stem  of  the 
thermometer ;  c  c  is  a  loose  round  plate,  concave  on  the  upper 
side,  having  a  hole  through  its  centre  just  sufficient  also  to  admit 
the  stem  of  the  thermometer.  When  the  instrument  is  to  be  in- 
serted, the  plug  a,  and  the  plate  c,  must  both  be  taken  out  of  the 
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socket.  The  bulb  is  then  passed  through  it.  The  plate  c  is  next 
slipped  over  the  stem,  and  dropped  into  its  place.  Some  flax, 
soaked  in  linseed-oil,  roust  next  be  wrapped  round  the  stem,  so  as 
nearly  to  fill  the  socket.  The  plug  c  must  then  be  screwed  in,  all 
the  flax  be  compressed  so  as  to  make  the  whole  sufficiently  tight. 
The  opposite  surfaces  of  the  plate  c,  and  the  plug  a,  are  made 
concave,  lor  the  purpose  of  compressing  the  flax  round  the  stem 
of  the  thermometer. 

PLATE  VI. 

Tigs.  49,  50,  51.     Sections  of  crucibles. 

Fig.  52.     A  muffle  ;  see  p.  4. 

Fig.  53.  Stands  for  raising  the  crucible  above  the  bars  of  the 
grate  ;  a  one  adapted  to  Mr.  Aikin's  blast  furnace  ;  b  one  of  the 
common  form. 

Fig.  54.     A  skittle-shaped  crucible. 

Fig  55.  Mr.  Aikin's  portable  blast  furnace.  It  is  composed  of 
three  parts,  all  made  out  of  the  common  thin  black-lead  melting 
pots,  sold  in  London  for  the  use  of  the  goldsmiths.  '\  he  lower 
piece  c  is  the  bottom  of  one  of  these  pots,  cut  off  so  low  as  only  to 
leave  a  cavity  of  about  an  inch,  and  ground  smooth  above  and  be- 
low The  outside  diameter  over  the  top  is  five  and  a  hall  inches. 
The  middle  piece,  or  fire-place  a,  is  a  larger  portion  of  a  similar 
pot,  with  a  cavity  about  six  inches  deep,  and  measuring  seven  and 
a  a7f  inches  over  the  top,  outside  diameter,  and  perora 
with  six  blast  holes  at  the  bottom.     These  two  pots  are  all  that  at  e 

s  entally  necessary  to  the  furnace  for  most  operations  ;  but  when 

t  wShed  to  heap'up  fuel  above  the  top  of  a  cruc JjMghUjjd 
within,  and  especially  to  protect  the  eyes  from  'he  intoleni ble  glare 
of  the  fire  when  in  full  heat,  an  upper  pot  b  is  added,  ot  the  same 
dimensions  the  middle  one,  and  with la ^large  opening  in  the  sule 
cut  to  allow  the  exit  of  the  smoke  and  flame.  It  has  also  an  non 
stem^ith  a  wooden  handle  (an  old  chisel  answers  the  purpose 
very  well)  for  removing  it  occasionally 

The  bellows,  ^™^;Jfl£'J?*\  heavy'  stool, 
httle  contrivance  which  will  take  oH a  ,  ^ 

as  represented  in  the  plate;  and  the  r  na na  To    in- 

rncd  so  as  to  make    them    work  easier    to    the    ban A.     i 
crease  their  force    on    particular  —  a  pi  *  ^."J. 
be  firmly  tied  on  the  wood  of  the  uppei Jlap.  . 

ceived  into  a  hole  in  the  pot  c,  whic! -oruhK^^  *  ^ 
cavity.     From  hence  the   air  passe,  into  ^ i  i  distances 

six  holes  of  the  size  of  a  large  gim  et,  «»»e,J  a\  c^n  an  inward 
through  the  bottom i  of  the  pot  i  g**™™*?*^  the  cen- 
direction,  so  that  if  prolo nged,  they  w  ^  distribution 

tre  of  the  upper  part  ot    he  hie      i  g  ^  ^  u  .        d. 

of  these  holes  in  the  bottom.     1  he  u   a     ^  for  g 

cd  to  receive  the  stand   a,  hg.   53,  wiue 

the  crucible.  .         .        ,  .    rlirnare.  so  that  it  may  be 

No  luting  is  necessary  in  using  this  furnace, 

h  * 
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set  up  and  taken  down  immediaiely.     Coak  or  common  cud 
taken  from  the  fire  when  the  coal  just  ceases  to  blaze,  sifted  from 
the  dust,  and  broken  into  very  small  pieces,  forms  the  best  fuel  for 
higher  heats.     The  fire  may  be  kindled  at  first  by  a  few  lighted 
cinders,  and  a  small  quantity  of  wood-charcoal. 

The  heat  which  this  little  furnace  will  afford  is  so  intense,  that 
its  power  was,  at  first,  discovered  accidentally  by  the  fusion  of  a 
thick  piece  of  cast  iron.  The  utmost  heat  procured  by  it  was  167° 
of  Wedgwood's  pyrometer  piece,  which  was  withdrawn  from  a 
Hessian  crucible,  when  actually  sinking  down  in  a  state  of  porcel- 
lanous  fusion.  A  steady  heat  of  155°  or  160°  may  be  depended  on 
if  the  fire  be  properly  managed,  and  the  bellows  worked  with 
vigour.* 

By  a  letter  from  Mr.  Aiken,  I  have  learned,  also,  a  convenient 
way  of  exhibiting,  in  a  lecture,  and  performing  at  other  times,  the 
process  of  cupellation,  by  means  of  this  furnace.  It  consists  in 
causing  a  portion  of  the  blast  to  be  diverted  from  the  fuel,  and  to 
pass  through  a  crucible  in  which  the  cupel  is  placed.  This  ar- 
rangement supplies  air;  and  the  whole  may  be  seen  by  a  sloping 
tube,  run  through  the  cov^r  of  the  crucible.  Fig.  57  shows  the 
furnace  when  used  for  this  purpose  ;  a  a  the  furnace ;  b  the  per- 
forated stopper  for  the  central  blast ;  c  c  a  portion  of  earthen  tube, 
through  which  the  air  passes,  and  is  heated  during  this  transit;  c 
a  piece  of  soft  brick  perforated  to  admit  the  earthen  tube/,  which 
may  be  kept  open  for  inspecting  the  process.  No  luting  is  re- 
quired, except  to  join/ to  e. 

Fig.  58.  Knight's  portable  furnace,!  composed  of  strong  iron 
plate  lined  with  fire  lute,  the  inside  diameter  six  inches :  a  shows 
the  grate  ;  b  the  ash  pit  door;  d  the  door  of  the  fire-place  when 
used  as  a  sand-heat ;  e  e  two  holes  opposite  to  each  other  for  trans- 
mitting a  tube;  g  an  opening  for  a  retort  neck,  when  used  for  dis- 
tilling with  the  naked  fire. 

Fig.  59.  A  different  view  of  the  same  furnace  ;  a  the  grate;  c  the 
register  to  the  ash  pit ;  fa  small  door,  with  a  contrivance  for  sup- 
porting a  muffle.  The  other  letters  correspond  with  the  explana- 
tion of  the  preceding  figure. 

For  this  furnace  the  proper  fuel,  when  it  is  used  as  a  wind  fur- 
nace, is  wood-charcoal,  either  alone,  or  with  the  admixture  of  a 
small  proportion  of  coak.  For  distillation  with  a  sand  heat,  char- 
coal, with  a  little  pit  coal,  may  be  employed. 

PLATE  VII. 

Fig.  60  represents  a  fixed  furnace,  which  I  find  very  useful,  be- 
cause it  may  cither  be  employed  as  a  wind  furnace  or  for  distilla- 
tion with  a  sand  heat.  Its  total  height  outside  is  thirty-three  inches, 
and  the  outside  square  is  eighteen  inches,  or  two  bricks  laid  length- 
wise.    The  thickness  of  the  sides  of  the  furnace  is  the  breadth  of 

*  See  Philosophical  Magazine,  vol.  xvii.  p,  166. 
}  This  furnace  is  also  described  in  p.  2. 
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a  brick,  or  four  and  a  half  inches  ;  hut  whenever  there  is  room,  it 
is  better  to  make  them  nine  inches  in  thickness.     From  the  top  of 
the  furnace  to  the  grate,  6,  which    is  moveable,  and  supported  by 
two  bearers,  the   height  is  thirteen  inches;   and   at  c  is  a    double 
Rumforddoor;    or,  in   preference,  a  hole   closed  by   a  moveable 
earthen  stopper,  for  introducing  fuel.     The  ash  pit  should  have  a 
register  door.     The  chimney  is  four  inches  wide   by  three  high,  - 
and  may  either  be  furnished  with  a  damper  or  not.     On  the  top  ol 
the  furnace  a  cast-iron   ring  is  fixed,  ten   inches  inside  diameter, 
three  inches  broad,  and  half  an  inch   thick.     It  is  secured  in  its 
place  by  three  iron  pins,  passing   through  three  equidistant  holes 
in  the  ring,  and  bent  at  the  distance  of  nine  inches  at  a  right  angle. 
These  serve  the  purpose  of  binding  the  ring  firmly  into  the  brick- 
work.    The  sand  pots  are  of  different  sizes  ;  and  a  variety  of  them 
may  be  made  to  tit  the  same  ring,  by   varying  the   breadth  of  their 
vims,  as  shown  fig.  71.     The  brick  should  be  cemented  together, 
at  least  for  the    inner  half  of  their  breadth,  by  loam,  or  by  a  mix- 
ture  of  Stourbridge  clay,  with  two  or  three  parts  sand,  and  a  proper 
fiuantity  of  water.  .       .  .  ,     • 

When  this  is  used  as  a  wind  furnace,  the  opening  in  the  side  is 
to  be  closed  by  its  stopper;  or,  if  a  Rumford  door  ^employed,  , 
!    must  be  defended  from  the  fuel  by  a  fire  jile,      1  he  fu, 
introduced  at  the  top,  which  is  occasiona lly  cov.  «  d  I*  ; 
When  distillation  with  a  sand  heat  is  performed,  the   ,*i     p« 

die  furnace;   and  the  width  at  the    top  may  exceed  a  little  that 

the  grate.  iMPWrastlc-on-Tvne  fire-bricks  are .he- 

The  best  Stourbridge  oi  Newcastle  on  *>   , 

heat  to    useful    purposes  ;  a  the     v tc  n,l  c  ^  ^ 
for  containing  the  fuel  and  the  piucil              l 

hot  chamber  c  ;  an  appendage  pa'^ulaUy u*eM  >     8 

crucibles, or  bring  them  to  a  pvope      en  ,pc.a    ue  to r  ^^ 

for  roasting  ores  and  various  oth  >           «.    -  slrong  heat, 

ing  it  with  the  vertical  chimney  e  J  wl  ch, ,  to p     _  s 

should  never  be  less  than  thirty  or  fo  ity f ,c  £hW/  ke  'hol 

sisting  of  twelve-inch  Wehh  tiles  w  tl  ha  ad  -    •  ff*  rs  bc_ 
through  which  no  more  of  the  fiie  i 


S1 

crating.  ,  •     r       „,.„    U    an    ancle  of  the  labo- 

g  The5  best  situation  for  this  furnace ,  »  an  w*^^  in  thc 
ratory,  the  chimney  being  »  the  corn  >  ^  ^  (Usagree. 
sketch.     By  this  arrangement,  the  ope  aw         l 
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able  necessity  of  scorching  his  legs,  by  standing  opposite  the  stoke- 
hole, while  the  backs  of  his  legs  are  exposed  to  a  current  of  cold 
air  rushing  to  the  furnace. 

Figs  62  and  63  are  different  views  of  a  furnace  invented  by  Mr. 
Knight,  and  convertible  to  various  purposes. 

The  inside  of  this  furnace  is  nine  inches  square,  and  sixteen 
inches  deep  from  the  top  to  the  grate.  The  lace  of  the  opening 
at  g  rises  at  an  angle,  which  makes  the  back  part  five  inches  high- 
er than  the  front.  This  contrivance  enables  us  completely  to  cover 
a  large  retort  with  fuel,  without  obstructing  the  passage  of  the  air, 
and  also  relieves  partly  the  weight  of  the  cover,  when  it  requires 
to  be  moved.  The  walls  of  the  furnace  are  at  least  a  brick  and  a 
half  thickness,  and  as  much  more  as  local  convenience  will  allow. 
By  sinking  the  ash  pit  below  the  level  of  the  ground,  at  i,  the  height 
of  the  furnace  needs  not  exceed  eighteen  inches,  which  renders 
the  management  of  the  fuel  much  more  easy,  and  subjects  the  face 
and  hands  less  to  the  action  of  the  heat.  The  ash  pit  a,  must  be 
at  least  eighteen  inches  deep,  below  the  surface  of  the  ground, 
and  more  if  convenient.  It  must  have  an  opening,  project- 
ing from  it  three  or  four  feet,  to  be  covered  with  boards,  and 
with  an  iron  grating  next  the  furnace.  This  preserves  the  legs  of 
the  operator  from  the  action  ol  the  fire. 

The  grate  b  is  formed  of  separate  bars,  each  of  a  triangular 
shape,  three  fourths  of  an  inch  apart,  and  resting  on  two  bearers. 
In  the  front  of  the  furnace,  an  iron  bar  is  to  be  placed  to  support 
the  brick-work,  and  to  leave  an  opening,  through  which  the  bars 
may  occasionally  be  drawn  out,  and  the  fire  raked  and  cleared  of 
the  slag.  The  chimney  e  is  two  and  a  half  inches  from  the  top, 
and  four  and  a  half  wide  by  two  and  a  half  high. 

To  fit  this  furnace  for  occasional  distillation  with  the  naked  firc; 
an  opening,  d,  fig  62,  is  left  on  one  side,  which  is  filled  up,  when  not 
wanted,  by  five  pieces  of  soft  fire-brick,  cut  to  a  proper  shape,  and 
secured  by  a  clay  lute.  It  is  proper,  also,  to  be  provided  with 
other  pieces,  having  arched  openings  for  transmitting  the  neck  of 
a  retort.  One  of  these  pieces  may  have  a  round  hole  for  occasion- 
ally transmitting  a  tube,  and  a  corresponding  hole,  h,  fig.  63,  must 
then  be  made  in  the  opposite  side  of  the  furnace,  to  be  closed, 
when  not  wanted,  with  a  stopper. 

Figs.  64  and  65  represent  a  sand  heat,  for  containing  flat  evapo- 
rating vessels  ;  the  depth  from  back  to  front  two  feet ;  the  width, 
agreeably  to  the  scale,  six  feet.  At  the  front  is  a  rim  four  inches 
deep,  consisting  of  a  piece  of  iron  plate,  which  is  fastened  at  each 
end  into  the  wall.  The  floor  or  bottom,  e  e,  is  formed  of  cast-iron 
plates,  which  rest  upon  each  other  in  corresponding  rabbets.  The 
advantage  of  several  small  plates,  over  one  large  one,  is  the  cheap- 
ness and  facility,  with  which  they  are  replaced,  if  cracked  by  the 
heat,  an  accident  of  not  unfrequent  occurrence.  The  joints  are 
secured  by  a  fire  lute,  which  effectually  prevents  the  sand  from 
falling  through.  The  fire  place  is  shown  by  b ;  at  the  bottom  it 
has  a  grate  ten  inches  long,  by  eight  wide.  The  flame  and 
smoke  circulate  first  through  the  flue  c,  and  then  through  the  re- 
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turning  flue  tf,  which  conveys  the  smoke  to  the  chimney  g.  In 
constructing  the  flue  beneath  the  grate,  a  row  of  bricks,  set  edge- 
ways, answers  the  purpose,  and  serves  also  to  support  the  inner 
edge  of  the  plates. 

It  is  advisable  to  cover  the  sand  heat  with  a  sloping  roof,  which 
may  be  formed  of  lath  and  plaster,  and  supported  by  side  walls. 
The  lowest  part  of  the  roof  may  be  foremost,  and  about  three  feet 
above  the  edge  of  the  iron  plates.  It  is,  also,  necessary  to  have  an 
air  flue,  nearly  at  the  top  of  the  back  wall,  under  the  dome  or  roof, 
to  be  closed  occasionally  by  a  door.  This  must  open  into  the  chim- 
ney, in  which  case  it  serves  the  purpose  of  carrying  off  noxious 
vapours. 

PLATE  VIII. 

Figs.  66,  67,  68,  are  the  section  and  plans  of  a  reverberator)'  fur- 
nace for  experimental  purposes.     In   this  furnace,  the  fuel  is  con- 
tained  in  an  anterior  fire-place  ;  and  the  substance  to  be  submitted 
to  the   action  of  heat,  is  placed  on   the  floor  of  another  chamber, 
situated  between  the  front  one  and  the  chimney.     The  flame  of  the 
fuel  passes  into  the  second  compartment;  by  the  form  of  which  it 
is  concentrated  upon  the   substance  exposed   to  heat,  which  is  not 
confined  in  a  separate  vessel  or  crucible,  but  placed  on  the  floor  of 
the  furnace.     When  reduced  to  a  state  of  fusion,  the  melted  mass 
is  allowed  to  flow  out  through  a  tap-hole  at  h.     The  dimensions  ot 
this  furnace  it  is  scarcely  possible  to  state,  as  they  vary  so  consi- 
derably in  different  parts  of  it ;  but  they  may  be  ascertained  by  re- 
ferring to  the  figures,  and  by  the  application  of  the  scale.     In  all 
three  figures,  a  represents  the  ash  pit;   b  the  grate  composed  of 
moveable  bars  ;  e  the  doer  at  which  the  fuel  h  introduced;  rfa  door 
in  the  side  of  the  chamber,  for  the  purpose  of  inspecting  the  pro- 
cess; e  the  floor  of  the  furnace  which  descends,  and  is  gradually 
contracted  towards  the  back  part;  /another  door  for  ^t^ucing 
and  stirring  the  materials  ;  g  the  back  part  of  the  furnace,  imme- 
diately under  the  chimney ;  h  the  tap-hole  ;  i  the  chimney. 

Figs.  69  and  70,  exhibit  a  cupelling  or  enamelling  furnace.     1  be 
form  of  this  should  be  an  oblong  square  ;  its  dimensions  being  regu- 
lated by  that  of  the  muffle,  which  should  go  home  to  Ae  hack,  ib 
front  edge  lodging  on  the  mouth  of  the  furnace.     On  _eac ,    s  dt  ot 
the  muffle,  two  inches  and  a  half  must  be  left,  to  let  the  fue   pass 
readily  underneath,  where  there  should  also  be  a  sim  lai  ^* 
stoke-hole  must  be  left  on  the  other  side,  but    he  i, tuaUon * *e 
view  will  not  admit  of  its  being  shown.     Before  the  muffle  is  a  pto 
jecting  ledge  or  shelf,  shown  ate.whjch  »  ^^S^ 
SX:  ^"c^vill    answer    this   purpose 
In  both  figures,  \  shows  the  ash  pit;  c  the ,  j  ate  ;    d  the  m  • 
fle;  c  the  opening  for  introducing    the  muffle;  /  the   chimney, 

and  g  the  cover. 
Fig.  71.     Sand  pots  with  rims  of  different  sizes 
Figs.   72,   73.    Dr.  Black's   portable  furnace,  made   ot   shea 
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iron  lined  with  fire  clay.  Its  dimensions,  as  they  vary  in  al- 
most every  part,  will  best  be  learned  from  the  scale  ;  a  the  fire 
place  ;  b  the  chimney  ;  c  the  ash  pit  ;  d  the  door  of  the  ash  pit; 
e  a  register  for  regulating  the  quantity  of  air  admitted  to  pass 
through  the  fuel. 

Fig.  74.  Mr.  Chenevix's  wind  furnace.  This  is  rudely  sketch- 
ed in  Nicholson's  Journal,  from  which  the  more  accurate  figure  in 
plate  viii.  is  taken.  This  furnace  Mr.  Chenevix  describes  as 
follows:  "  I  have  constructed  a  wind  furnace,  which,  in  some 
respects,  is  preferable  to  the  usual  form.  The  sides,  instead  of 
being  perpendicular,  are  inverted  ;  so  that  the  hollow  space  is 
pyramidal.  At  the  bottom  the  space  is  twelve  inches  square, 
and  at  the  top  only  eight.  The  perpendicular  height  is  seven- 
teen inches,  from  the  top  to  the  grate.  This  form  unites  the 
following  advantages.  1.  A  large  surface  is  exposed  to  the  air, 
which  having  an  easy  entrance,  rushes  through  the  fuel  with 
great  rapidity.  2.  The  inclined  sides  act  as  reverberators.  3.  The 
fuel  falls  of  itself,  and  is  always  close  to  the  grate." 

In  the  figure,  a  represents  the  graie  ;  c  c  are  two  bricks  which 
can  be  let  in  at  pleasure,  to  diminish  the  capacity  :  b  is  another 
grate  which  can  be  placed  on  the  bricks  c  c,  for  occasional  pur- 
poses: del  are  bricks,  which  can  be  placed  on  the  grate  b,  to 
diminish  the  capacity  of  this  part  of  the  furnace  ;  e  the 
cover.  Both  sets  of  bricks  should  be  ground  to  the  slope  ol 
the  furnace. 

In  the  construction  of  every  furnace,  which  is  intended  to  pro- 
duce a  strong  heat,  lime  or  mortar  should  be  avoided,  and  the 
bricks  should  be  set  in  loam,  or  Stourbridge  clay,  worked  up 
with  water  and  sand,  inserting  occasionally  pieces  of  sheet  iron, 
bent  twice  in  opposite  directions  at  right  angles.  The  furnace 
should  be  allowed  to  remain  some  weeks,  after  setting  up,  be- 
fore it  is  used  ;  and  before  rawing  a  strong  heat,  a  gentle  fire 
should  be  sometimes  kindled  in  it,  the  strength  of  which  may 
be  gradually  increased.  When  a  strong  blast  is  expected,  it  is 
necessary  to  bind  the  brick-work  together,  externally,  by  strong 
iron  bars  and  plates,  kept  in  their  places  by  screws.  The  chim- 
ney should  be  nine  inches  wide,  and  raised  to  as  great  a  height  as 
circumstances  will  admit. 

The  coak  of  pit  coal  is  the  only  fuel  fitted  for  exciting  an  intense 
heat,  and  should  be  used  in  all  cases,  except  in  the  rcvcrbeia- 
tory,  and  in  distillations  with  the  sand  bath,  when  pit  coal  may  he 
employed.  The  charcoal  of  wood  is  adapted  principally  to  portable 
furnaces. 

PLATE  IX. 

Fig.  75.  The  galvanic  battery  called  couronne  de  lasses,  de- 
scribed p.  132. 

Fig.  76.  Apparatus  for  obtaining  the  elements  of  water  in  se- 
parate tubes;  p.  136. 

Fig.  77.    The  pile  of  Volta;  see  p.  131. 
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Fig.  78.  Section  of  a  galvanic  trough,  to  explain  the  theory  of 
the  excitation  of  galvanic  electricity  ;  see  p.  )  4  5. 

Fig.  79.  Apparatus  for  obtaining  oxygen  and  hydrogen  gases, 
from  separate  quantities  of  water  not  in  contact  with  each  other; 
see  p.  137. 

Fig.  80.     Two  agate  cups  connected  by  moistened  amianthus; 
see  p.  138. 
Fig.  81.     Two  gold  cones  similarly  connected,  ibid. 
Fir.    82.     Agate  cups  similarly  connected  with  an  intermediate 
vessel  i ;  see  p.  139. 

Fig.  83.     Apparatus  for  procuring  potassium  from   potash   and 
iron  filings,  described  p.  15  4. 

Fig.  84.     Apparatus  for  firing  gases  by  electricity,  or  submitting 
them  to  electrical  discharges,  p.  89. 

Fig.  85.     Pepys's  improved   gas-holder:  a  a    small   iron   retort 
placed  in  the  fire  with  a  jointed  conducting  lube  />,  which  is  admit- 
ted into  the  vessel  at  c.     This  is  shown  on  a  larger  scale  in  a  differ- 
ent part  of  the  plate.     The  letter  d  is  placed  on  the  body  of  the  re- 
servoir, and  near  the  central  pipe,  which  descends  from  the  cistern 
e  to  nearly  the  bottom  of  the  vessel.     At/  a  glass  tube  is  fixed, 
which  shows  the  height  of  the  water  within  the  vessel.     When  a 
jar  is  intended  to  be  rilled  with  gas  from  the  reservoir,  it  is  placed, 
filled  with  water  and  inverted,  in  the  cistern  e.     The  cocks  1  and  2 
being  opened,  the  water  descends  through  the  pipe  attached  to  the 
latter,  and  the  gas  rises  through  the  cock  1 .     By  raising  the  cistern 
e  to  a  greater  elevation,  any  degree  of  pressure  may  be  obtain- 
ed ;  and  a  blow-pipe  may  be  screwed  on  the  cock  at  the  lettside  ot 
the  vessel. 

PLATE  X.— (Additional.) 

Fig.  1.     A  view  of  Glauber's  apparatus  for  distillation,  referred 
to  in  the  note  at  p.  6. 

a.  The  ash-hole  of  the  furnace. 
be.  The  door  of  the  furnace. 

d.  An  opening  for  a  sand  bath. 

/•    A  pipe,  going  from  the  distilling  vessel. 

e.  The  first  crooked  pipe,  fitted  to  the  pipe/ 

h.  A  receiver  fitted  to  that  pipe,  and  set  in  a  tub  of  water,  for 
accelerating  the  operations  :  which  receiver  hath  a  cover  with  two 
holes,  through  the  first  whereof  goeth  a  single  crooked  pipe,  ad 
through  the  other  two  crooked  pipes,  whereof  one  goeth  into  the 
receiver,  as  did  the  single,  and  the  other  out  o  the  ^c^r6,into 
h  h ;  i  thfi  tub  of  water,  m  a  third  pipe.     By  this  way  flowers  are 


sublimed,' and  spirits  distilled  speedily,  and  in  great  quantity 

Fig.  2.  Mr.  William  Hembel,jr's.  improved  appaiatus  loi  dis- 
tillation—referred to  in  the  note,  p.  6. 

-A  Woulfc's  apparatus  (says  this  gent leman.in  the .note he  has 
given  in  the  American  edition  of  the  New  Edinburgh  Encyclo 
pmlia,  vol    5,  p.  802)  with  tubes  of  safety  may  answe.  vc.y 
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for  demonstrations  at  a  public  lecture  :  but,  for  processes  in  which 
considerable  quantities  of  gas  are  evolved,  and  the  saturation  is  to 
be  effected  under  great  pressure,  they  are  totally  inadequate.  U 
the  lower  orifice  of  the  tube  is  much  immersed  below  the  surface 
of  the  liquid,  the  accumulated  gas  will  act  similar  to  condensed  air 
in  the  experiment  of  the  hydrostatic  fountain,  and  force  the  liquid 
out  of  the  boitle  until  the  orifice  of  the  tube  is  exposed  ;  then  the 
gas  will  also  escape  ;  thus  occasioning  a  double  loss  of  products, 
and  that  whether  straight  or  Welters  tubes  be  used. 

"Plate  CXLII-  No.  2.  fig.  4.  represents  our  method  of  connect- 
ing any  number  of  bottles,  by  which  tubes  of  safety  are  superseded  ; 
yet  the  liquid  can  be  saturated  with  gas,  by  as  much  pressure  as 
the  tenacity  of  the  glass  will  resist  :  with  the  further  advantage  of 
being  able  to  change  the  surface  of  the  liquid  at  pleasure,  without 
injury  to  the  product. 

"  The  apertures  of  the  tubes  h,  k,  m,  o,  merely  perforate  their  re- 
spective corks  ;  whilst  the  tubes  f,  /,  n,  8cc.  descend  very  near  the 
bottoms  of  the  bottles.  Into  the  bottle  c,  a  small  quantity  of  water 
is  introduced,  to  engage  the  impure  gas  which  may  come  over. 
The  bottles  e  and  g",  contain  the  liquid  to  be  saturated  with  the 
gas  ; — a  similar  arrangement  of  long  and  short  tubes  are  to  be  used 
for  any  additional  number  of  bottles. 

"  On  introducing  into  the  retort,  the  substance  from  which  the  gas 
is  to  be  extricated,  and  adding  an  acid,  an  action  will  take  place. 
The  evolved  gas  will  pass  through  the  liquid  in  the  bottles  as 
usual.  When  the  gas  ceases  to  be  further  evolved,  a  condensa- 
tion will  take  place  in  the  retort;  then  the  liquid  in  the  bottler, 
e  and  g,  will  yield  to  the  pressure  of  the  incumbent  atmosphere,  (act- 
ing through  the  aperture  of  the  tube  o,)  and  pass  into  the  bottles 
bf  d  and/.  But,  as  the  apertures  of  the  short  tubes  A,  k  and  m,  termi- 
nate with  the  lower  surface  of  their  respective  corks,  and  the  liquid 
in  the  bottles  does  not  reach  those  apertures,  the  liquid  can  pass 
no  further. 

"  It  will  then  be  only  necessary  to  excite  a  fresh  action  by  add- 
ing more  acid  in  the  retort,  when  the  gas  will  accumulate  in  the 
receiver  and  empty  part  of  bottle  b.  When  the  elastic  force 
of  the  accumulated  gas  is  sufficient  to  support  a  column  of  the  li- 
quid, equal  to  the  height  of  one  leg  of  the  tube  i,  the  liquid  will 
rise  and  pass  into  the  bottle  c,  the  gas  will  follow  and  pass  in  the 
bottle  d,  and  by  pressing  on  the  surface  of  the  contained  liquid  will 
force  it  over  into  the  bottle  e,  after  which,  the  liquid  in  /  will  be 
forced  in  g,  when  the  process  of  saturation  will  go  on  as  before. 

u  There  will  be  a  great  economy  of  acid,  if  the  subsequent  au- 
ditions are  not  added  until  after  an  absorption  has  taken  place,  as 
the  surface  of  the  liquid  will  thereby  be  frequently  changed,  and 
the  absorption  of  gas  considerably  accelerated. — For  saturating 
water  with  muriatic  and  ammoniacal  gas,  or  preparing  hyper-oxy- 
muriate  of  potash  on  a  large  scale,  demijohns  may  be  substituted 
for  the  bottles  d,  <?,/,  Sec."*     Hembel,  jun. 

*  It  may  not  be  improper  here  to  remark,  that  the  above  description  is 
Jered  useless  in  the  Encyclopaedia,  owing1  to  the  engraving  of  the  appartft. 
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Fig.  3.     Dr.  Wollaston's  cryophorus — see  p.  78. 

Fig.  4.  Apparatus  fof  impregnating  water  with  oxy muriatic 
acid  gas — sec  note  at  p.  295. 

Fig.  5.  Apparatus  for  extricating  phosphureted  hydrogen  gas 
— see  p.  324,  note. 

a  Is  a  block  of  wood,  shaped  as  in  the  engraving ;  the  inclined 
plane  of  which  is  hollowed  out  in  the  middle,  to  receive  the  neck 
of  the  retort ;  b  b  strings,  or  other  contrivance  for  fastening  down 
the  retort,  after  the  materials  are  introduced.  The  figure  sufli- 
ciently  explains  the  other  intentions  to  be  answered  in  the  opera- 
tion. 

Fig.  6.  A  very  convenient  table  furnace,  which  was  omitted 
to  be  mentioned  in  the  notes  on  that  part  of  the  work. 

It  is  simply  a  large  earthen  pot,  such  as  is  in  constant  family  use, 
turned  upside  down.  Before  the  pot  is  baked,  an  opening  is  cut  in 
its  side,  as  represented  in  the  plate  ;  another  opening  (circular)  is 
made  in  the  bottom  (the  top  of  the  furnace),  and  several  smaller  ones 
near  the  bottom,  for  permitting  the  smoke,  Sec.  to  escape.  Such  a 
furnace  can  be  readily  procured  for  25  or  30  cents  of  any  potter; 
and  is  an  excellent  substitute  for  those  of  a  more  costly  nature.  It 
may  be  used  for  a  great  variety  of  purposes,  requiring  only  a  lamp 
heat.  It  will  answer  for  the  purposes  of  analysis;  for  distilling 
most  of  the  acids,  and  indeed  for  almost  every  common  occasion. 
Two  or  three  of  different  heights,  and  with  holes  of  various  sizes 
cat  the  bottom,  will  be  found  adapted  for  nearly  every  purpose. 

PLATE  XI. 

Account  of  Dr.  Wollaston's   Scale   of  Chemical  Equivalents^  from 
Thomson's  An.  of  P kilos,  vol.  4,  p.  176.* 

"     This  scale  is  of  so  much  convenience  to  the  practical  chemist, 
that  I  seize  the  earliest  opportunity  to  make  it  known  to  my  rea- 
ders in  general.     It  gives  the  composition  of  any  weight  whatever 
;  of  any  of  the  salts  contained  on  the  scale,  the  quantity  of  any  other 
;  salt  necessary  to  decompose  it,  the  quantity  of  new  salt  that  will  be 
'formed,  and  many  other  similar  things,  which  are  perpetually  oc- 
curring to  the  practical  chemist,  and  cannot  be  answered  without 
■•■ =■  an  arithmetical  calculation.    I  have  used  such  a  scale  tor  above  six 
months,  and  found  it  attended  with  numberless  advantages.     I  can- 
not undertake  to  explain  the  instrument,  either  more  clearly,  or  in 
fewer  words,  than  Dr.  Wollaston  himself  has  done  in  hisown  paper. 
1  conceive,  therefore,  that  the  best  thing  I  can  do  is  to  present  my 
':■  readers  with  the  following  extract  from  that  paper,  which  contains 
;  the  most  material  part  of  it,  as  far  as  the  explanation  of  the  instru- 
ment  is  concerned  :— 

;  defective  in  the  letters  of  refcrencc-and  it  would  be  obViouslj rjadicimjs 
e  editors  to  cancel  the  present  plate  and  replace  it  by  one  molt  pel 

i ^Wollaston's  paper  is  published  in  the   Philosophical  Transactions  for 
;• 1814,  part  i. 
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"  It  is  not  my  design,  in  the  table  which  follows  this  paper,  toat 
tempt  a  complete  enumeration  of  all  thos«  elements  or  compounds 
which  I  suppose  to  be  well  ascertained,  but  merely  to  include  some 
of  those  which  most  frequently  occur.  I  do  not  offer  it  as  an  at- 
tempt to  correct  the  estimates  that  have  been  formed  by  others, 
but  as  a  method  in  which  their  results  may  be  advantageously 
applied  in  forming  an  easy  approximation  to  any  object  of  our  in- 

quiries. 

''The  means  by  which  this  is  effected  may  be  in  part  understood 
by  inspection  of  the  Plate  [II.],  in  which  will  be  seen  the  list  of 
substances  intended  to  be  estimated,  arranged  on  one  or  the  other 
side  of  a  scale  of  numbers  in  the  order  of  their  relative  weights,  and 
at  such  distances  from  each  other,  according  to  their  weights,  that 
the  series  of  numbers  placed  on  a  sliding  scale  can  at  pleasure  be 
moved,  so  that  any  number  expressing  the  weight  of  a  compound 
maybe  brought  to  correspond  with  the  place  of  that  compound  in 
the  adjacent  column.  The  arrangement  is  then  such,  that  the 
weight  of  any  ingredient  in  its  composition,  of  any  re-agent  to  be 
employed,  or  precipitate  that  might  be  obtained  in  its  analysis,  will 
be  found  opposite  to  the  point  at  which  its  respective  name  is 
placed. 

"In  order  to  show  more  clearly  the  use  of  this  scale,  the  Plate 
exhibits  two  different  situations  of  the  slider,  in  one  of  which  oxy- 
gen is  10,  and  the  other  bodies  are  in  their  due  proportion  to  it,  so 
that  carbonic  acid  being  27.54,  and  lime  35.46,  carbonate  of  lime  is 
placed  at  63. 

"  In  the  second  figure,  the  slider  is  represented  drawn  upwards 
till  100  corresponds  to  muriate  of  soda ;  and  accordingly  the  scale 
then  shows  how  much  of  each  substance  contained  in  the  table  is 
equivalent  to  100  of  common  salt.  It  shows,  with  regard  to  the 
different  views  of  the  analysis  of  this  salt,  that  it  contains  46.6  dry 
muriatic  acid,  and  53  4  of  soda,  or  39.8  sodium,  and  13.6  oxygen; 
or  if  viewed  as  chloride  of  sodium,  that  it  contains  60.2  chlorine, 
and  39  8  sodium.  With  respect  to  re-agents,  it  may  be  seen  that 
283  nitrate  of  lead,  containing  19  1  of  litharge  employed  to  separate 
the  muriatic  acid,  would  yield  a  precipitate  of  237  muriate  of  lead, 
and  that  there  would  then  remain  in  solution  nearly  146  nitrate  of 
soda.  It  may  at  the  same  time  be  seen,  that  the  acid  in  this  quan- 
tity of  salt  would  serve  to  make  232  corrosive  sublimate,  containing 
185.5  red  oxide  of  mercury,  or  would  make  9 1.5  muriate  of  ammo- 
nia, composed  of  6  muriatic  gas  (or  hydro-muriatic  acid),  and  29.5 
ammonia.  The  scale  sLows  also,  that  for  the  purpose  of  obtaining 
the  whole  of  the  acid  in  distillation  the  quantity  of  oil  of  vitriol  re- 
quired is  nearly  84,  and  that  the  residuum  of  this  distillation  would 
be  122  dry  sulphate  of  soda,  from  which  might  be  obtained,  by  crys- 
tallization, 277  of  Glauber  salt,  containing  155  water  of  crystalliza- 
tion. These  and  many  more  such  answers  appear  at  once  by  bare 
inspection,  as  soon  as  the  weight  of  any  substance  intended  for  exa- 
mination is  made  by  motion  of  the  slider  correctly  to  correspond 
with  its  place  in  the  adjacent  column. 
"  With  respect  to  the  method  of  laying  down  the  divisions  of  this 
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scale,  those  who  are  accustomed  to  the  use  of  other  sliding -rules, 
and  are  practically  acquainted  with  their  properties,  will  recognise 
upon  the  slider  itself  the  common  Gunter's  line  of  numbers  (as  it  is 
termed),  and  will  be  satisfied  that  the  results  which  it  gives  arc  the 
same  that  would  be  obtained  by  arithmetical  computation. 

"  Those  who  are  acquainted  with  the  doctrine  of  ratios,  and  with 
the  use  of  logarithms  as  measures  of  ratios,  will  understand  the 
principle  on  which  this  scale  is  founded,  and  will  not  need  to  be 
told  that  all  the  divisions  are  logomelric,  and  consequently  that  the 
mechanical  addition  and  subtraction  of  ratios  here  perloimed  by 
iuxta-position,  correspond  in  effect  to  the  multiplication  and  divi- 
sion of  the  numbers  by  which  those  ratios  are  expressed  in  common 
arithmetical  notation. 

«  To  others  who  are  not  equally  conversant  with  the  nature  ol 
logarithms,  and  consequently  have  not  so  correct  a  conception  of 
the  magnitudes  of  ratios,  some  further  explanation  of  the  mode  in 
which  the  scale  of  equivalents  is  constructed,  will,  I  presume,  be 

acceptable.  .         «.  i  i 

"They  will  observe,  that  the  series  of  natural  numbers  are  not 
placed  at  equal  intervals  on  the  scale  ;  but  that  at  all  equal  inter- 
vals are  found  numbers  which  bear  the  same  proportion  to  each 
other  In  fig.  3,  some  of  the  larger  intervals  alone  are  represented 
on  a  line  similarly  divided.  The  succession  of  intervals,  marked 
A,  B,  C,  D,  E,  are  all  equal,  and  at  these  points  of  division  are  placed 
numbers  1  2  4,  8,  16,  which  increase  progressively  by  the  same 
aTo  And  'since  the  series  3  :  6  :  12  :  24  increase  m  the  same 
ratio  of  1  to  2,  these  intervals  a,  b.  c,  d.  ,,are  the  same  as  the  for- 
met  At  another  succession  of  different  yet  equal  intervals,  marked 
rG,H.I%re placed  ^^f^^SKS^ 
would^n^^ 

the  sum  of  any  |™  ^^^'Ei.  *£  ^  ot  l  ^  * 
triple  ratio.     It  1  be  incieascci    ">  . /  .         j 

becomes  8,  which  bears  to  1  trip le  the    a t.o o        o  l.     1 
therefore  represented  by  A  D,  which"  the  r  ip  le  ot  A H.  ^ 

«  The  distances  of  the  intermediate  nut  be. ,8^7     0,      ,      * 
from  1  are  likewise  made  proportional  to  the  «^08^  ithn>     for 
to  1,  and  are  easily  laid  down  by  means ,  erf  ^j™"^  M  numbers 
as  these  are  arithmetic  measures  of  tl  e  1* 10s 
bear  to  unity,  the  spaces  proportional  to  them  becon 
sentations  of  the  same  quantities.  the  ratios  Gf  8  and  of 

«  As  the  entire  spaces  A  U,  A  ^ieV  eIUS  the  ratio  of  8 

16  respectively  to  1,  so  the  difference  u         v  same  man^ 

and  1 6,  which  stand  at  D  and  E,  to  ••«*«*«•  ^n  m^.  rf  7  ^  , 3  . 
ncr  any  other  space,  k  /,  represents  coire«  y  .^  that  are 

so  that  the  measure  of  a  fraction  expiess  y  h  ^  simple 
incommensurate  is  rendered  as  obvious  to '«&«  {Q  ^  interval, 
multiple.     And  if  a  pair  of  compasses   d ,     F  ^  ^  cQm. 

and  transferred  to  any  other  part  of  the  scale,       1 
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passes  will  be  found  to  rest  upon  numbers  bearing1  the  same  pro- 
portion to  each  other  as  those  from  which  the  interval  was  trans- 
ferred. 

"  It  is  exactly  in  this  manner  that  the  various  points  in  the  column 
of  equivalents  indicate  the  several  quantities  sought  in  any  given 
position  of  the  slider.  The  relative  distances, at  which  the  articles 
are  placed,  represent  so  many  different  openings  of  the  compasses 
rendered  permanent  and  presented  to  view  at  once.  In  the  tabic, 
which  I  shall  place  at  the  end  of  this  communication,  the  relation 
of  the  various  substances  enumerated  to  each  other  is  expressed  by 
numbers.*  In  the  engraved  scale  of  equivalents,  the  ratios  of  these 
numbers  are  represented  by  logometric  intervals  at  which  they  are 
placed,  their  several  positions  being  determined  by  those  of  their 
respective  numbers  on  the  slider,  which  is  logometrically  divided. 
Consequently  all  the  several  points  in  the  column  of  equivalents  will 
indicate  numbers  in  the  same  due  proportions  to  each  other,  what- 
ever part  of  the  scale  may  be  presented  to  them.  Those  who  seek 
information  may  obtain  it  by  inspection ;  those  who  already  possess 
it  may  be  able  to  correct  the  positions  of  some  articles  by  direct  com- 
parison with  the  best  analyses  upon  record,  in  whatever  numbers  the 
results  of  those  analyses  may  happen  to  be  expressed." 

*  This  has  reference  to  the  Philosophical  Transactions.  Dr.  Thomson  lias 
not  introduced  the  table  in  his  Annals.    C. 
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GENERAL  INDEX. 


A. 

Acetate  of  alumine,  517 
ammonia,  516 
barytes,  516,  595 
copper,  390,  514,  517,  649 
iron,  400 

lead,  415,  416,517,595,648 
lime,  516 
magnesia,  516 
manganese,  517 
nickel,  517 

potash,  514,515,  642 
silver,  517,  594 
soda, 515 
strontites,  516 
tin,  409 
zinc,  418,  517 
Acetic  acid,  512 

modes  of  obtaining,  513, 

514 
analysis  of,  515 
specific  gravity  no  test  of 

its  strength,  514,  515 
properties  of,  515 
mode  of  ascertaining  the 
purity  ot,  638 
Acetous  acid,  512 

obtained  from  wood,  513 
mode  of  ascertaining  the 
purity  of,  639 
Acids,  general  properties  of,  190 
most  contain  oxygen,  191 
but  some  produced  by  hydro- 
gen, 191 
terminology  of,  191 
supporters  of  combustion,  192, 

194 
water  an  essential  element  of, 

192 
law   respecting  their    satura- 
tion by  bases,  193 
nomenclature    of    the     com- 
pounds of  muriatic  andoxy- 
muriatic,  303 
metals  oxidized  by,  346 


Acids,  native  vegetable  enumerated, 
459 

specific  gravity  not  always  a 
test  of  the  strength  of,  514 

found  in    animal    substances, 
535 

tests  of,  600 
Acid,    acetic,  512,  638 

acetous,  512,  638 

amniotic,  536 

antimonic,423 

antimonious,  423 

arsenic,  428 

arsenous,  428 

benzoic,  468,  640 

boletic,  469 

boracic,  327,  639 

camphoric,  474 

carbonic,  195 

cbloriodic,  333 

chromic,  437 

citric,  459 

columbic,  443 

ferro-prussic,  540 

ferruretted  chyazic,  540 

fiuoboric,  332 

fluoric,  330 

subsilicated,  330 

formic,  541 

gallic,  462 

hydriodic,  335,  336 

hydro-fluoric,  331 

hydro-nitric,  262,  264 

hydroionic,  335 

hydrothionic,  249 

iodic,  337,  339 

laccic,  469 

lactic,  536,  566 

lithic,  535 

malic,  464 

mellitic,  496 

molybdic,  438 

rnnlybdous,  439 

moroxylic,  469 

mucous,  536 
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Acid,    muriatic,  285,  288,  291,  638 
nuirio-sulphuric,  316 
new  vegetable,  470 
nitric,261,263,59t,  600,  638 
nitro-muriatic,  315 
nitro-sulphuric,  374 
nitrous,  274.  591,  638 
oxalic,  454,  468,  591 
oxyiodic,  339 

oxymuriatic.    See  Chlorine. 
oxy-nitric,  260 
phosphoric,  319,  469 
phosphorous,  321 
prussic,  469,  538 
pyroligneous,  466,  481 
pyromucous;  466 
pyro-tartaric,  466 
rosacic,  536 
saccholactic   536 
sebacic,  537,  538 
stibic,  423 
stibious,  423 
suberic,  493 
succinic,  475,  639 
sulphuric,  227,  241,  242,  333, 

394,  590,  637 
sulphurous,  233 
sulphuretted  chyazic,  541 
tartaric,  464,  639 
telluric,  425 
tungstic,  440,  441 
uric,  535,  567, 569 
zoonic,  541 
Adipocire,  534 
Adopter,  5 

Aeriform  bodies.     See  Gases. 
Affinity,  chemical.  See  Chemical  Affi- 
nity. 
ofaggregation.il 
elective,  27, 38,  39 
resulting,  33 
elementary,  33 
disposing,  34 
complex,  38 
quiescent,  39 
clivellent,  39 

simple,    table     of,     xxxiv, 
xxxviii 
Agriculture,  application  of  chemistry 

to,  653 
Air,  expansion  of,  by  heat,  xix 
Albumen,  properties  of,  522 
tests  of,  523 
not   chemically  altered  by 

heat,  523 
cause  of  the  coagulation  of, 
524,  525 
.  Ikohol,  preparation  of,  501,  502 

not  produced  by  distillation, 
501 


Alcohol,  quantity  contained  in  differ- 
ent  liquors,  502 
properties  of,  503,  506 
mixtures  of  water  with,  504 
combustion  of,  504, 506 
expansion  of,  504 
substances  soluble  in,  505 
solubility  of  salts  in,  505 
analysis  of,  506 
composition  of,  506, 507 
action  of  acids  on,  507 
use  of,  as  a  test,  600 
mode  of  ascertaining  its  pu- 
rity, 649 
and  water,  specific  gravity  of 

different  mixtures  of,  503 
solubility   of  substances  in, 

xxvii 
substances  insoluble  in,  xxviii 
of  sulphur,  255 
sulphurized,  225 
Alembic,  5,  317 
Algaroth.  ponder  of,  424 
Alkali,  silicated,  184 

volatile.     See  Ammonia. 
Alkalis,  properties  of,  148 

analysis  of  the  fixed,  152 

volatile,  167, 170, 
172 
action  of,  on  metals,  350,  418 
use  of,  as  tests,  592 
tests  of,  600 
Alloys,   360 

apt  to  separate  when  in  fu« 

sion,  360 
terminology  of,  360 
qualities  of  the  metals  altered 
in,  361, 367 
Alum,  242 

component  parts  of,  243 
mode  of  ascertaining  the  purity 
of,  644 
Alumine,  attempt  to  decompose,  175, 
186 
method  of  obtaining,  185 
its  properties,  185 
hydrate  of,  185 
carbonate  ot,  218 
sulphate  of,  242 
tests  of,  601 
sulphite  of,  247 
nitrate  of,  284 
muriate  of,  310 
acetate  of,  517 
tests  of  salts  of,  601 
Alumium,  186 

Amalgams,  379.   See  Mercury. 
Amber,  475,  494 

acid  of.    See  Succinic  Acid. 
Ambergris,  533 
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Ammonia,  preparations  and  qualities 
of,  164,  314 
specific  gravity  of,  95,  165 
may  be  inflamed  when  mix- 
ed with  oxvgen,  165, 168 
analysis  or,  165,  167.  169 
rapidly  and  largely  absorb- 
ed by  water,  166 
quantities  in    solutions   of 

different  densities,  167 
contains  oxygen,  170 
its  base  forms  an  amalgam 

with  mercury,  171 
nature  of   this  amalgam, 
171,  172 
decomposition  of,  by  potas- 
sium, 172 
sub-carbonate  of,  212 

mode   of 
preparing,  212,  307 

mode    of 
ascertaining    its   purity, 
and  that  of  its  solution, 
641 
bi-carbonate  of,  213 

its  use  as 
a  test,  592 
sulphate  of,  237 
sulphite  of,  247 
hydrosulphuret  of,  25$ 

its    use 
as  a  test,  600 
hydroguretted     sulphuret 

of,  254, 255 
nitrate  of,  281 
muriate  of,  306,  531 

mode  of  ascer- 
taining its  purity,  642 
hyper-oxymuriate  of,  314 
solution  of  copper  in,  391 
oxalate  of,  457 

important  as  a 
test  of  lime,  457 
citrate  of,  461 
acetate  of,  516 
fluate  of,  592 
use  of,  as  a  test,  592 
succinate  of,  as  a  test,  598 
tests  of,  600 

solution  of,  method  of  as- 
certaining its  purity,  641 
quantity  of,  in  solutions  of 
different  densities,  167 
.-?/nmo?«'«co-magnesian  sulphate,  242 
Ammonium,  172 
Ammoniurets,  350 
Amniotic  acid,  536 
Amnios,  liquor  of  the,  564 

is  of  earths  and  stones,  610 
inflammable  fossils,  621 
lime,  653 


Analysis  of  marls,  655 

minerals  in  general,  605 
mineral  waters,  586 
ores,  622,  627 
salts,  608 
Animal  oil,  533 

substances,  518 

method  of  stain- 
ing black,  372 
analysis  of,  518,  519 
primary,  519 
more  complex,  542 
Antimonane,  359,  424 
Antimoniates,  423 
Anlimonie  acid,  423 
Antimonious  acid,  423 
Antimonites,  423 
Antimony,  421 

mode  of  obtaining  pure,  421 
oxides  of,  353, 422-3 
acidifiable,  423 
ignited,  detonates  with  the 

vapour  of  water,  421 
sulphuret  of,  421 
glass  of,  424 

mode  of  ascertain- 
ing its  purity,  644 
ltydro-sulphuretted    oxide 

of,  424 
action  of  acids  on,  424 
alloys  of,  425 
analysis  of  ores  of,  625 
tartarized,  mode  of  ascer- 
taining its  purity,  645 
Ants,  acid  obtained  from,  541 
Apparatus,  chemical,  1,  91,317 
Woulfe's,  5,  Iv 
Cuthbertson's,  Iv 
Aqua  fortis,  mode  of  ascertaining  the 
purity  of,  638 
See  J\'iV,ic  Acid. 
Arbor  Dianx,  373 
.  hxhil,  484 
.  Irgentane,  372 

Argentine  flowers  of  antimony,  421 
Arsenates,  429 

Arsenic,  mode  of  obtaining,  426 
properties  of,  427 
tinges  copper  white,  427 
properties  of  white  .oxide  of, 

427 
sulphurets  of,  428 
analysis  of  ores  of,  625 
method  of  discovering,  630, 

631 
compound  of  hydrogen  with, 

429 
alloy  of  potassium  with,  430 
acid,  mode  of  obtaining,  428 
properties  of,  429 
Areenicane,  359 
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Arsenates,  428 
Arsenons  acid,  428 

tests  of,  593,  630 
Arsenuretted  hydrogen  gas,  429 
Arts,  application  of  chemistry  to,  650 
Asparagm,  497 
Asphaltum,  495 
Atmospheric  air,  104,  257 

weight  of,  108 
Atomic  theory,  19 

objections  to  it,  24 
Atoms,  10 

simple,  10 
compound,  10,  21 
component,  11 
elementary,  11,  21 
organic,  21 
figure  of,  21 

ultimate  of  bodies,  weight  of, 
xxviii,  22 
Attraction,  29 
Aurum  musivum,  409 
Azote.     See  Nitrogen. 

B. 

Balloons,  115 
Balsams,  475 

Barilla,  mode  of  detecting  the  adul- 
teration of,  650 
Barium,  177 
Barometer,  rules  for  reducing  gases 

to  a  mean  height  of,  viii 
Bari/les,  analysis  of,  175 

properties  of,  176 
base  of,  177 
carbonate  of,  214,  238 

mode   of  dis- 
covering, 635 
sulphate  of,  238 
method  of  procuring  pure, 

sulphite  of,  247 

Iiydro-sulphuret  of,  253 

hydroguretted  sulphuret  of 
255 

nitrate  of,  282 

muriate  of,  307 

byper-oxymuriate  of,  315 

oxalate  and  superoxalateof, 
457,  458 

citrate  of,  461 

acetate  of,  516 

its  use  as  a  test,  595 

use  of,  as  a  test,  590,  595 

test  of,  600 
Base,  what,  193 
Basis,  in  dyeing,  what,  482 
Baume's  hydrometer,  degrees  of,  re- 
duced to  the  common  standard,  xiii 
i?etf-metal,  391,  410 
Benzoic  acid,  468 


Benzoic  acid,  mode  of  ascertainiug  tht 

purity  of,  640 
Bicarbonate  of  potash,  209 
soda,  211 
ammonia,  213 
Bile,  resin  of,  532,  553,  554, 
of  the  ox,  553 

peculiar  matter  in,  553,  551 
yellow  matter  of,  554 
component  parts  of,  554,  555 
of  other  animals,  551 
human,  555,  556 
calculi  of,  556 
Bismuth,  properties  of,  419 
oxide  of,  420 
action  of  acids  on,  420 
sulphuret  of,  420 
alloys  of,  420 
its  fumes  destroy  the  ducti- 
lity of  gold,  421 
analysis  of  ores  of,  625 
Bismuthaue,  359,  420 
Bitter  principle,  491 

artificially    formed, 
492 
Bitumen,  elastic,  495 
Bitumens,  494 

Black  dye,  for  animal  substances,  372 
vegetable   substances, 
484 
Black's  furnace,  3 
Black-lead,  403 
Bleaching,  295,  31 5 
Blende,  417 

phosphorescent,  418 
Blood,  absorbs  oxygen,  101 
appearances  of,  542 
coagulation  of,  542,  543 
serum  of,  543 
serosity  of,  543 
iTi-ssamentum  of,  545 
fibrin  of,  545 
red  globules  of,  545 
its  colour  not  owing  to  iron, 

545,  547 
its  colouring  matter  may  be 
employtd'as  a  dye,  546,  547 
action  of  gases  on,  547 
effects  of  respiration  on,  548 
acts   on  the  air  through  the 

skin,  550 
its  uses  in  the  animal  econo- 
my, 550 
Bloiu-pipe,  9 

with  oxygen   and    hydro- 
gen, ii2 
Boa  constrictor,  excrement  of  the,  57  2 
Boiling  point,  71 

varied  by  pressure,  71 
of  different  substances, 
xvii 
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Boleiic  acid,  469 

Bolognian  phosphorus,  239 

Bones,  577 

distillation  of,  577 
analysis  of,  578 
Boracic  acid,  mode  of  obtaining,  327 
properties  of,  327 
decomposition  of,  328 
component  parts  of,  329 
saline    compounds    of, 

329 
compound    of    fluoric 

with,  332 
test  of,  600 
mode  of   ascertaining 
the  purity  of,  639 
Borate  of  soda,  329,  436 

mode  of  ascertaining 
the  purity  of,  644 
Borax,  329,  436,  644 
Boron,  328 

Boyle's  fuming  liquor,  254 
Brain,  analysis  of  the,  585 
Brass,  391 
Brazil  wood,  as  a  dye,  484 

infusion  of,  as  a  test,  589 
J?r<m::e,391,410 
Broth,  581 
Butler,  558,  561 

of  antimony,  424 
bismuth,  420 
zinc,  418 


Cajeput  oil,  480 

Calamine,  417 

Calcium,  181 

Calculi,  urinary,  535,  572 

varieties  of,  573-576 
of  brutes,  575 
biliary,  556 
Calico-printing,  484 
Calomel,  378 

mode  of  ascertaining  its  pu- 
rity, 645 
f'ahric,  genera!  observations  on,  46 
repulsive,  46 
expands  bodies,  48,  53 
tends  to  an  equilibrium,  49 
moves   immeasurably   quick 

in  all  directions,  49 
conducting  power  of  bodies 

for,  50 

effects   in  which  it  loses  its 

distinguishing  properties,50 

absorbed  in  liquefaction,  50 

given  out  by  increasing  the 

density  of  bodies,  51 
not     chemically     combined 

•when  latent,  51 
capacity  for,  51,  79 


Caloric,  absolute  quantity  of,  52 

tends  to  an  equilibrium,  59 
its  motion,  59 
reflection  of,  60,  341 
refraction  of,  61 
absorption  of,  62 
conductors  of,  63,  342 
the  cause  of  fluidity,  66 
given  out  by  liquids  on  be- 
coming solid,  68 
evolved   during  the    separa- 
tion of  a  salt  from  its  solu- 
tion, 69 
the  cause  of  vapour,  70 
its  particles  repulsive,  71 
absorbed  in  evaporation,  73 
evolved  during  the  conden- 
sation of  vapour,  75 
the  whole  quantity  in  a  body 

cannot  be  measured,  76 
capacity  for,  79 
chemically  combined  in  gases 

93 
evolved  from   gases  by  me- 
chanical pressure,  93 
generally    absorbed    during 

solution,  125 
charcoal,  a   very  slow  con- 
ductor of,  199 
admeasurement  and   effects 

of,  xiv 
table  of  effects  of,  xvi 
expansion  of  air  by,  xix 

liquids  by,  xix 
water  by,  xix 
solids  by,  xx 
glass  by,  xx 
specific,  tables  of,  xxiv 
free,  47,  53 
latent,  51,  66 

apparatus  for  showing 
the    most  important 
facts  respecting,  hi 
of fluidity,  66 
radiant,  49,  60 
specific,  79 
Calorimeter,  67 
Camphor,  474 

acidification  of,  474 
artificial  substances  resem- 
bling, 316,  474 
Canton's  phosphorus,  248 
Caoutchouc,  479 

preparation    of  ether  for 

dissolving,  510 
soluble    in     cajeput    oil,. 

480 
mineral,  495 
Carbon,  196 

combustion  of,  199,  301 
gaseous  oxide  of,  218 

k  * 
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Carbon,  combination    of     hydrogen 
with,  221 
sulphuret  of,  255 
phospliuret  of,  317 
Carbonates,  207 

tests  of,  600 
Carbonate  of  alumine,  218 
ammonia,  212 
barytes,  214,  238,  635 
copper,  388 
glucine,  218 
iron,  400 
lead,  415 
lime,  215 
magnesia,  217 
potash,  207,  209 
soda,  210 
strontites,  215 
yttria,  218 
zircon,  218 
Carbonic  acid,  200 

method  of  procuring, 

202 
properties  of,  203 
generated  in    several 
cases  of  combustion, 
205 
tests  of,  600 
gas,    quantity  of,   ab- 
sorbed by  water, 
123,  204 
method  of  procur- 
ing, 202 
properties  of,  203 
weight  of,  95,  203 
its  effects  on  vege- 
tation, 206 
oxide,  quantity  of,  absorbed 
ed  by  water,  123 
its  combination  with 
chlorine,  301 
Carbonous  oxide,  218 

method  of  procur- 
ing, 219 
properties  of,  219 
Carbo ■sulphur ets,  257 
Carburets,  360 

of  iron,  402,  403 
Carburetled  hydrogen,  quantity  of,  ab- 
sorbed by  wa- 
ter, 123 
several  varieties 

of,  221,  222 
methods     of 
procuring, 
221 
combustion  of, 

222,  223 
specific   gravi- 
ty of,  95,  223 
Carmine,  how  made,  485 


Cartilage,  580 

Cassius,  purple  powder  of,  366 

Castor,  532 

Catechu,  486 

Caustic,  lunar,  373, 647 

Cawk,  238 

Cerium,  444 

analysis  of  ores  of,  627 
Ceruse.     See  Whitehead. 
Chain  of  cups,  galvanic,  131 
Chalk,  216 

Chameleon  mineral,  432 
Charcoal,  196 

how  obtained,  197 
quantities  afforded  by  dif- 
ferent kinds  of  wood,  197 
its  properties,  197 
imbibition  of  air  by,  198 
resists  putrefaction,  198 
why  it  makes  the  best  iron, 

402 
how  prepared  for  making 

gunpowder,  481 
combustion  of,   513.     See 
Carbon. 
Cheese,  558 
Chemical  laboratory,  1 

elements,  new  system  of,  18 
apparatus,  2, 317 
affinity,  10, 17 

how  exerted,  17 
causes  that  modify 

its  action,  29 
if    not    modified, 
would  unite  bo- 
dies in  all  pro- 
portions, 23 
unites    atoms    in 
simple    propor- 
tions only,  19 
estimation    of   its 

forces,  36 
experimental  illus- 
trations of,  41 
action,  17 

its  general  effects, 

18 
of  compounds  the 
result  of  the  affi- 
nities of  their  ele- 
ments, 23 
will  not  take  place 
without  solution, 
42 
does  not  take  place 
at  a  perceptible 
distance,  43 
equivalents,  table  of,  xxviii 
Chemistry,  distinguished  from  natural 
philosophy,  viii 
defined,  viii 
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Chemistry,  utility  of  its  study  as  a  sci- 
ence, xi — xx 
modes  of  teaching,  xx 
classification    of   the    ob- 
jects of,  xx 
new  doctrines  and  nomen- 
clature of,  xxii,  xxiii,  192 
—195,  286 
economical,  xvii 
Chlorides,  303 
Chlorine,  286,  293 

method  of  procuring,  293 

properties  of,  294 

method     of    impregnating 

water  with,  295 
combined  with  oxygen,  296, 
297 
nitrogen,  298 
hydrogen, 

299 
metals      and 
their      ox- 
ides,   300, 
302,  358 
carbon     and 
its       com- 
pounds, 
301 
sulphur    and 
its       com- 
pounds, 
302 
phosphorus, 
326 
its  action  on  gold,  364 
Chloriodates,  338 
Chloriodic  acid.  338 
Chlotnret  of  iodine,  338 
Chlorurets,  300,  359 

table  of  the  composition  of 
several,  359 
Chrome,  437 

analysis  of  ores  of,  627 
Chromic  acid,  437 
Chyazic  acid,  ferruretted,  540 

sulphuretted,  541 
Chyle,  561 
Cinnabar,  379 

mode   of  ascertaining   its 
purity,  647 
Citrates,  alkaline,  461 
earthy,  461 
metallic,  462 
Citric  acid,  process    for    obtaining, 
459 
properties  of,  460,  461 
combinations  of,  461 
Ch'sms  of  nitre,  277 
Coak,  495 

Coal,  quantity  of,  required  for  the 
evaporation  of  water,  74 
varieties  of,  495, 496 


Coal,  analysis  of,  622 
Coating  for  retorts,  7 
Cobalt,  method  of  obtaining,  430 
properties  of,  431 
oxides  of,  353,  431,432 
solutions  of,  432 
alloys  of,  433 
analysis  of  ores  of,  625 
Cocculus  indicus,  peculiar  principlo 

of,  499 
Cochineal,  484 
Coffee,  491 
Cohesive  affinity,  11 

methods  of  overcom- 
ing, 12,  42 
Cold,  artificial  methods  of  producing, 

510,  xxii,  xxiii,  67, 68 
Collar  joint  for  uniting  long  or  crook- 
ed tubes,  323 
Colouring  matter,  482 
Colours  destroyed  by  charcoal,  198 

substantive  and  adjective,482 
Columbium,  443 

analysis  of  ores  of,  627 
Combination  alters  the  properties  of 

bodies,  17,  39 
Combustible  bases,  compounds  of  oxy- 
gen with,  192 
Combustion  in  oxygen  gas,  97 

consumes  oxygen,  98 
increases  the  weight  of 

bodies,  100 
acids   are  supporters  of, 

192, 194,  346 
spontaneous,  401, 472 
Compounds,  their  chemical  action  the 
result  of  the  affinitiesof  their  parts, 
33 
Congelation,  artificial,  xxii,  67,  68 
Cooling,  rate  of,  varied  by  different 

circumstances,  61,  63 
Copper,  method  of  purifying,  385 
properties  of,  395 
oxides  of,  352,  386 
sulphates  of,  387 
sulphite  of,  388 
sub-carbonate  of,  388 
nitrate  of,  388 
hydro-oxide  of,  389 
sub-nitrate  of,  389 
muriate  of,  389,  390 
submuriate  of,  390 
action  of  chlorine  on,  390 
acetate  of,  390,  517,  649 
sulphuret  of,  390 
phosphurct  of,  391 
combination  of  ammonia  with, 

391 
alloys  of,  391 
ferro-prussiate  of,  397 
arsenite  of,  428 
analysis  of  ores  of,  623 
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Copper,  mode  of  detecting,  648 
Cork  and  its  acid,  493 
Corrosive  sublimate,  378 

mode  of  discover- 
ing, 634 
method  of  ascer- 
taining its  pu- 
rity, 645 
Cotton-mills,  probable  cause  of  fires 

in,  473 
Cream, 557 

of  tartar,  464,  467 

mode   of  ascertain- 
ing- its  purity,  643 
Crocvs  metallorum,  424 
Crucibles,  3 

platina,  370 
Cryophorus,  78 
Crystallization,  11,  42 

water  of,  13,  195 
Crystals,  structure  of,  13 
Cupel,  412 
Cupellation,  412 
Cupelling  furnace,  3 
Cuprcme,  359,  390 
Ciipranea,  359,  380 
Card,  557,  558 
Cuticle,  582 
Cystic  oxide,  576 

D. 

Dalton,  Mr.  his  new  system  of  chemi- 
cal elements,  20 
Decanting  jar,  8 

Decomposition,  effected  by  galvanism, 
136,  and  foil, 
simple,  27 
Decrepitation,  195 
Deliquescence,  13,  195 
Deoxydizing  power  of  light,  83 
Detonating  powders,  278,  313,  364, 

374,377,383,388,427 
Diamond,  pure  carbon,  196 

combustion  of  the,  199 
Differential  thermometer,  55 
Digestion,  secretions  subservient  to, 

550 
D'ditation.     See  Expansion. 
Dippers  oil,  577 
Distillation,  4 

leaden  worms  improper 
for,  648 
Ductile  metals,  363 
Dutch  gold,  391 
Dyeing,  art  of,  482 

colouring    matter  of  blood 
may  be  employed  in,  547 

E. 

Earths,  174,  606 

classification  of,  174 


Earths,  compounds  of  metallic  bases 
with  oxygen,  174 
dissolved   by   carbonic  acid, 

tests  of,  600 
examination  of,  610 
means  of  separating,  620 
Ear-ivax,  532 
Efflorescence,  13,32 

its  influence  on  chemical 
affinity,  32 
Egg-sheds,  579 

Egg,  while  of.     See  Albumen. 
Elastic  jrum.     See  Caoutchouc. 
Elasticity,  its  effect  on  chemical  afft- 
nity,31,  33,  40 
increased  by  caloric,  46 
Elecampane,  peculiat  substance  from, 

498 
Elective  affinity,  27,  38,  44,  45 
Electricity,  chemical  agencies  of,  128, 
134 
theory  of,  128 
Electro-motion,  145 
Elements,  chemical,  new  system  of,  20 
Emulsions,  471 
Enamelling  furnace,  3 
Epidermis,  582 
Epsom  salt.     See  Magnesia,  sulphate 

of. 
Equivalents,  chemical,  table  of,  xxviii 
mode  of  ascer- 
taining, xxix 
Ether,  solution  of  phosphorus  in,  325 
gold  in,  366 
platina  in,  369 
methods  of  preparing,  507,509 
properties  of,  509 
purification  of,  509 
analysis  of,  511 
mode  of  ascertaining  its  purity, 

649 
acetic,  509 
fluoric,  509 
muriatic,  508 
nitric,  508 
phosphoric,  509 
pyro-acetic,  514,  517 
sulphuric,  507 
Elhiops  mineral,  379 

mode  of  ascertaining 
its  purity,  647 
per  se,  376 
Euchlorine,  296 

action  of  iodine  on,  338 
Eudiometer,  Berthollet's,  105 
Dalton's,  266,  319 
Davy's,  269 
Guyton's,  107 
Hope's,  107,  269 
Pepy's,  107 
Seguin's,  105 
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Eudiometer,  Volta's,  111,319 

with  nitrous  gas,  266,  319 
solution    of    nitrous 

gas  and  iron,  268 
sulpliuret  of  potash, 
106 
Evaporating  furnace,  2 

vessels,  4,  603 
Evaporation   occasioned    by   caloric, 

70 
Expansion,  48,  53 
Extract,  vegetable,  448 
Eye,  humours  of  the,  563 


F. 


Farina.     See  Starch. 
Fat  of  animals,  534 

oxygenated,  532 
Feathers,  583 

Fecula,  vegetable.     See  Starch. 
Fermentation,  vinous,  500,  506 
Ferraue,  359,  395 
Ftrranea,  359 
Ferro.prussiate  of  iron,  397 

potash,  398 

its  use  as  a 
test,  597 
copper,  397 
Ferro-prussic  acid,  540 
Ferruretted  chvazic  acid,  540 
Fibre,  woody,  481 
Fibrin,  527 ' 

of  the  blood,  545 
Finery  cinder,  392 
Fire  produced   by  compressing  air, 

93,  113 
Fireworks  without   smell   or  smoke, 
109 

nitrate  of  soda  recommend- 
ed for,  281 
Fish,  scales  of,  582 
Flesh  of  animals,  527,  580 
Flints,  182 

liquor  of,  184 
Flowers  of  sulphur,  225 
FUate  of  ammonia,  592 
Fluidity,  caused  by  caloric,  66 
Fluids  of  the  various  cavities  of  the 

body,  562 
Fluoboric  acid,  532 

Fluoric  acid,  mode  of  obtaining,  330 
subsilicated,330 
liquid,  331 
nature  of,  332 
compounds  of,  332 
compound  of  the  bora- 

cic  with,  332 
gas,  mode  of  obtaining, 
330 
never  pure,  330 


Fluoric   acid  gas,  decomposed  by  po- 
tassium, 330 
compound  of  the 
boracic  with,  332 
Flux,  black,  427,  628 

white,  628 
Fluxes,  351,  628 
Formic  acid,  541 
Freezing  points  of  liquids,  xvi 
mixtures,  xxi,  xxii 
apparatus,  lv 
Frtgorific   mixtures,  tables   of,   xxi, 

xxii 
Frost-bearer,  78 
Fulminating  gold,  364,  365 

mercury,  367,  377 
powder,  273 
silver,  367,  374 
Fuming  liquor,  Boyle's,  254 

Libavius's,  408 
Fungin,  498 
Furnaces,  chemical,  2,  lvii,  lxii 

Aikin's  portable  blast,  lvii 
Knight's  portable,  lviii 
wind,  2,  lviii,  lix 
reverberatory,  lxi 
cupelling,    or    enamelling, 

lxi 
portable,  3 

Black's  portable,  3,  lxi 
Chenevix's  wind,  lxii 
general  remarks  on,  lxii 
Fusion,  51,  52,  66 
watery,  13 
Fusible  metal,  419 
Fustic,  484 

G. 

Galena,  416 

Gallate  of  iron,  398, 463 
Gallic  acid,   methods  of  obtaining, 
462,  463 
characters  of,  463 
Galls,  tincture  of,  as  a  test,  590 

used  as  a  test  in  substance,  590 
Gall-stones,  556 

a  valuable  pigment,  556 
Galvanic  arrangements,  construction 
of,  129 
pile,  128, 131 

theory  of  the  action  of. 
144 
apparatus,  131,  lv 
Galvanism,  128 

excitement  of,  129 
effects  of,  131,  135 
its  similarity  to  electricity, 

133 
chemical  agencies  of,  134 
theory   of   the    changes 
produced  bv,  Ml 
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Gases,  what,  xxi 

effect  of  caloric  on,  46 
expansion  of  by  heat,  51 
manner  in  which  they   con- 
duct heat,  6.5 
apparatus  for  experiments  on, 

81 
method  of  weighing,  90 

transferring,  91 
caloric  chemically  combined 

in,  92 
give  out  their  latent  heat  by 

compression,  93 
their  bulk    inversely  as  the 

pressure  on  them,  94 
table   of  the  specific  gravity 

of,  95 
specific  heat  of,  95,  96,  xxiv 
colour  of  the  electric   spark 
transmitted  through  differ- 
ent, 96 
become  thoroughly  mixed  un- 
der all  circumstances,  116 
quantities  of,  absorbed  by  wa- 
ter, 122 
absorption  of,  by  charcoal,  198 
general  laws  of  their  union, 

259 
rules  for  reducing  to  a  given 
pressure  and  temperature, 
viii 
apparatus  for  procuring,  liii 
receivers  for,  liv,  lv,  lxiii 
Gas-holder,  89,  lxiii 
Gas,  ammoniacal,  164 

arsenuretted  hydrogen,  429 
azotic,  or  nitrogen,  101 
carbonic  acid,  200 
carbonous  oxide,  218 
carburetted  hydrogen,  221,  223 
euchloric,  297 
fluoboric  acid,  332 
hydriodic  acid,  335 
hydro-carburctted,  221 
hydro-phosphoric,  326 
hydrogen, 108 
hydro-zincic,  417 
muriatic  acid,  285,  288 
nitric  acid,  261 
nitric  oxide,  265 
nitrogen,  101 
nitrous,  258, 265 
nitrous  acid,  274 
nitrous  oxide.  270 
defiant,  222,  223 
oxygen,  96,  412 
oxy muriatic  acid.  See  Chlorine. 
phosgene,  301 

phosphuretted  hydrogen,  324 
potassuretted  hydrogen,  161 
prussic  acid,  539 


Gas,  silicatcd  fluoric,  330 

sulphuretted  hydrogen,  249 
sulphurous  acid,  233 
supercarburetted      hydrogen, 

223 
telluretted  hydrogen,  426 
Gastric  juice,  552 
Gazometer,  87 

mercurial,  89 
Gelatine,  method  of  obtaining,  519 
properties  of,  520 
tests  of,  521 
decomposition  of,  522 
Gems,  preparation  of  sulphur  for  tak- 
ing impressions  from,  225 
Gilding  of  steel,  365 
Glass,  how  made,  183, 184 

decomposed  by  fluoric  acid, 

330 
tinged  blue  by  zaffre,  433 
expansion  of,  by  heat,  xx 
of  antimony,  424 

mode    of    ascer- 
taining its  pu- 
rity, 644 
Glauber 's  Salt.    See  Sulphate  of  Sodc. 
Glucine,  attempt  to  decompose,  175 
method  of  obtaining  it,  188 
its  properties,  188 
carbonate  of,  218 
sulphate  of,  244 
nitrate  of,  284 
muriate  of,  310 
Glucinium,  188 
Glue,  520 
Gluten,  animal,  527 

vegetable,  478 
Gold,  malleability  of,  342,  363 
ductility  of,  342 
physical  qualities  of,  363 
chemical  qualities  of,  364 
oxides  of,  352, 364 
fulminating  compound  of,  364, 

365 
precipitates  of,  365,  366 
solution  of,  in  ether,  366 
solvents  of,  364 
sulphuret  of,  366 
phosphuret  of,  366 
purification  of,  367 
alloys  of,  367,  381 
fineness  of,  367 
its  colour  destroyed  by  palla- 
dium or  platina,  381 
imitations  of,  391 
its  ductility  destroyed  by  being 
kept  in"  fusion  near  melted 
bismuth,  421 

a 
small  portion  of  antimony^ 
425 
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Gold,  analysis  of  ores  of,  622 
Golden  sulphur  of  antimony,  424 
Goulard's  extract,  use  of,  as  a  test, 

501,517,521,523,524,526 
Gravel,  urinary,  535 
Gravitation,  10 

Gravity,  specific,  method  of  taking, 
607,  608 
of  gases,  95 
of  solids  and  fluids, 

x,  xii 
rules  for  calculat- 
ing absolute 
weight  from,  xii 
of  mixtures  of  al- 
cohol and  water, 
501 

sul- 
phuric acid  and  water,  228 
am- 
monia and  water,  166 
Green,  Scheele's,  428 
Guaiacmn,  47 '5 
Gum,  449 

acid  obtained  from,  537 
British,  478 
elastic,  479 
Gum-resins,  475 
Gun-metal,  391 

Gunpowder,  sulphur  may  be  burned 
out  of  without  inflam- 
ing it,  227 
composition  of,  278 
peculiar  kind  of,  314 
preparation    of  charcoal 
for,  481 
Gypsum,  240 

H. 

Hahnemann's  wine  test,  636 

Hair,  method  of  staining  it  black,  372 

analysis  of,  582 
Harrowgate  water,  249,  603 
Hartshorn,  spirit  of,  mode  of  ascer- 
taining its  purity,  641 
Heat.     See  Caloric. 
Hepars,  248 

Hiccory,  wild  American,  484 
Homberg's  pyrophorus,  244 

inflamed     by 
nitrous 
gas,  265 
phosphorus,  309 
sedative  salt.    See  Boracic 
Acid. 
Honey,  454 

stone,  496 
Hoofs,  582 
Hoin,  580 
Horn-lead,  414 
Horn.silver,  371 


House-leek,  malic  acid  obtained  from, 

464 
Hydrate,  what,  125,  354 
of  alumine,  185 
cobalt,  431 
copper,  389 
iron,  393,  394 
lead,  412 
lime,  179 
magnesia,  182 
nickel,  405 
potash,  150 
soda,  150 
Hydriodates,  336,  338,  340,  359 
Hydriodic  acid,  335,  336,  359 
Hydrocarburet,  221 

Hydrogen,  probably  metallic,  109, 171 
compounds  of  metals  with, 
354,  417,  426,  429,  430 
Hydrogen  gas,  108 

method  of  procuring, 

109 
its  properties,  109 
burned  under  a  tube, 
produces  a  musical 
sound, 113 
caution  with  respect  to 

firing,  113,  note, 
explodes  by  compres- 
sion   with    oxygen, 
113 
weight  of,  95, 114 
with  oxygen,  forms  wa- 
ter, 116 
quantity    of,  absorbed 

by  water,  123 
an  acidifying  principle, 

191,335 
combination  of  oxymu 
riatic  acid  with,  299 
forms  an  acid  gas  with 

iodine,  33^ 
oxyiode  of,  339 
combines     with   some 

metals,  35?. 
solution  of  zinc  in,  417 
arsenuretted,  429 
carburetted,  221^ 
phosphuretted,  324 
potassuretted,  161 
sulphuretted,  249 

union    of 
alkalis     and     earths 
with,  251 
super-carburetted,  223 
supersulphuretted,  2  53 
telluretted, 
sulphuretted,     compounds 
of,  with  oxides,  3,55 
with  metals,  357 

liquid.    See  Sul- 
phuret  of  Carboy- 
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Hydroguretted  sulphur,  253 

sulphurets,  methods  of 
forming,  253,  255, 
355 

properties 
of,  254 

of     metals, 
355 
Hydiionic  acid,  335 
Hydrometer,  Baume's,  degrees  of,  re- 
duced to  the  common  standard,  xiii 
Hydro-nitric  acid,  262,  264 
Hydro-oxides,  354 
Hydro-oxide  of  cobalt^ 432 
copper,  389 
iron,  393 
Hydro  phosphoric  gas,  326 
Hydrosulphurets,  251,  253 

alkaline,  tests  of  lead, 
415 

blacken 
glass,  416 
Hydrosidphuret  of  ammonia,  253,  600 
barytes,  253 
lime,  253, 255,  601 
magnesia,  251 
potash,  253,  255 
soda,  253, 255 
4p  strontites,  253 

zinc,  417 
HydrasulphureUed  oxides,  354 
Hydrottemie  acid,  249 
Hvdro-zincic  gas,  platina  fused  by  the 

combustion  of,  417 
Hydruret  of  potassium,  162 
tellurium,  426 
Hygrometer,  124 
Hygrometric  water,  124 
Hyper -oxy muriates,  311 


Ice,  quantity  of  caloric  absorbed  in 
the  liquefaction  of,  66,  67 
lighter  than  water,  127 
Indigo,  483,  491 

Inflammable  fossils,  analysis  of,  621 
Ink,  398,  399,  463 

that  is  not  easily  destructible, 
399 
Inks,  sympathetic,  389, 398, 399, 416, 

420, 432 
Insolubility,  30 
Imdin,  498 
fodates,  336,  339 
Iodic  acid,  336,  539 
Iodine,  discovery  of,  233 
properties  of,  234 
forms  an  acid  gas  with  hydro- 
gen, 335 


Iodine,  sulphuret  of,  336 
phosphuret  of,  336 
action  of  alkalis  on,  337 
forms  an  acid  with  oxygen, 

337 
combines  with  nitrogen,  537 
forms  an  acid  with  chlorine,, 

337 
action  of  euchlorine  on,  338 
nature  of,  359 
source  of,  340 
starch  a  delicate  test  of,  540 
lodurets,  337,  359 

of  starch,  478 
Iridium,  383 

oxides  of,  352 
analysis  of  ores  of,  627 
Iron,  solutions  of,  precipitated  by  ex- 
posure to  air,  550 
properties  of,  591 
oxides  of,  555,  592,  597 
hydrates  of,  595, 594 
sulphate  of,  594,  395 

its  use  as  a  test,  593 
mode  of  ascertaining 
its  purity,  644' 
sub-sulphate  of,  395 
sulphite  of,  395 
nitrate  of,  395 
muriate  of,  396 

compound  of  chlorine  with,  396 
ferro-prussiate  of,  396 
gallate  of,  398 
tannate  of,  398,  488 
cold  short,  400 
phosphate  of,  400 
oxy-phosphate  of,  400 
succinate  of,  400,  476 
acetate  of,  400 
carbonate  of,  400 
combination    of    sulphur   with, 

401 
sulphuret  of,  401 
supersulphuret  of,  401 
combination  of  carbon  with,  402, 

403 
cast,  or  crude,  402 
malleable,  or  bar,  402 
why  wood  charcoal  preferable 

in  the  manufacturing  of,  402 
alloys  of,  403 
tinning  of,  403,  410 
its  use  as  a  test,  593 
tests  of,  400,  601 
analysis  of  ores  of,  624 
Iron-moulds,  399 
Isinglass,  520 
Ittria.     See  Yttria. 
Ivory,  method  of  cavering  with  sil- 
ver, 373 
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Jelly,  animal.     Sec  Gelatine. 

\  egetaMe,  451 
Joints,  fluid  in  the  cavities  of  the,  565 


Kermes  mineral,  424 
Koumiss,  560 

L 

Laboratory,  1 
Lac,  contains  wax,  490 
Lactic  acid,  469 
Lactic  acid,  536,  568 
Lakes,  how  obtained,  484,  485 
Lamp  for  chemical  purposes,  5 
Jjamp-black.  577 
Lard,  534 
Latent  heat,  51,  66 
Lead,   method  of  purifying,  410 
properties  of,  411 
oxides  of,  353,  411 
hydrate  of,  412 
purification  of  gold  and  silver 

by,  412 
mode    of    procuring    oxygen 

from  oxides  of,  412 
danger  of  keeping  water  in, 

412,  648 
not  soluble  in  sulphuric  acid, 

412,  413 
sulphate  of,  413 
nitrate  of,  413,  414 

its  use  as  a  test,  595 
nitrite  of,  414 
muriate  of,  414,  636 
carbonate  of,  415 

mode    of    ascer- 
taining its  pu- 
rity, 648 
acetate  of,  415 

its  use   as  a  test, 

595 
mode  of  ascertain- 
ing   its    puritv, 
648 
rr  inedy    against, 
648 
sub-acetate  of,  415,  517 

its  use  as  a  test, 
521,523,524, 
526 
tests  of,  415,648 
phosphate  of,  416 
sulphuret  of,  416 
ana!-  of,  624 

method  ofdd  ^ 


Lead,   soluble  in  distilled  water,  648 
Ik  uf-goltl,  342 

Lemon:;,  acid  of,  459.  See  Citric  Acid 
Libavius,  fuming  liquor  of,  408 
Life,  supported  by  oxygen  gas,  101, 

108 
Ligaments,  580 

Light,  chemical  effects  of,  83,  500 
reflection  of  by  metals,  341 
Lignin,  481 
Lime,    analysis  of,  175 

properties  of,  180 
hydrate  of,  180 
milk  or  cream  of,  180 
base  of,  181 
carbonate  of,  215 

tests  of,  601 
does  not  attract  carbonic  acid 

gas  when  dry,  215 
subcarbonates  of,  216 
sulphate  of,  240 

tests  of,  601 
sulphite  of,  247 
sulphuret  of,  248 
hydrosulphuret  of,  253 

tests  of,  601 
hydroguretted    sulphuret    of, 

'255 
nitrate  of,  283 
muriate  of,  309,  310 

as  a  test,  601 
hypcr-oxymuriate  of,  315 

useful  in 
bleach- 
ing,315 
phosphuret  of,  323 
tungstate  of,  440,  441 
oxalate  of,  457 
citrate  of,  460,461 
acetate  of,  516 
prussiate  of,  as  a  test,  596 
tests  of,  457,  601 
mode  of  determining  the  pu- 
rity of,  654 
stone,  216 
water,  181 

use  of,  as  a  test,  592 
Liquefaction,  50,  66 
Liqu'uh,  expansion  of,  by  heat,  S3 

manner  in  which  they  con- 
duct heal,  63 
give  out  heat  on  becoming 

solid,  68 
freezing  points  of,  xvi 
boDing  points  of,  xvii 
expansion  of  by  heat, 
specific  heat  of  several,  xxiv 
tube  for  dropping',  lii 
bottle  for  ascertaining  spe- 
cific gravity  of,  ha 
JJguor  of  surface 
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Lithic  acid,  535 
Litmus,  infusion  of,  589 

its  use  as  a  test, 

589 
reddened  by  vine- 
gar, as  a  test, 
589 
Liver  of  antimony,  424 

sulphur;  248 
ion/" sugar,  preparation  of,  224 
Luna  cornea,  371 
Lunar  caustic,  373 
Lines,  7 
Lymph,  565 

M. 

Madder,  484 

lake  from,  484 
Magistery  of  bismuth,  420 
Magnesia,  analysis  of,  175 

properties  of,  181 
hvdrat  of,  182 
base  of,  182 
cai-bonate  of,  217 

mode  of  ascer- 
taining   its 
purity,  649 
sulphate  of,  241 

mode  of  ascer- 
taining     its 
purity,  643 
sulphite  of,  247 
nitrate  of,  283 
muriate  of,  310 
oxalate  of,  458 
citrate  of.  461 
acetate  of,  517 
tests  of  salts  of,  601 
mode   of  ascertaining    its 
purity,  650 
Magnesium,  182 

Malic  acid,   methods  of   obtaining, 
464 
properties  of,  464 
Malleability,  342 
Maltha,  495 
Mailing,  converts  starch  into  sugar, 

453 
MangAnesune,  359,  436 
Manganese,  method  of  obtaining,  433 
properties  of,  433 
oxides  of,  353,  434 
action  of  acids  on,  435 
gives  a  violet  tinge  to  bo- 
rax, 436 
compound  of   its    oxide 
with  potash  gives  dif- 
ferent colours  with  wa- 
ter, 436-7 
sulphuret  of,  437 


Manganese,  sulphuretted  oxide  of,  437 
alloys  of,  437 
acetate  of,  517 
analysis  of  ores  of,  625 
mode  of  ascertaining  the 

piuuty  of,  652 
solvent  of,  652 
Manna,  454i 
Marble,  216 
Marls,  analysis  of,  655 
Mass,  meaning  of,  as  used  by  Ber- 
thollet,  29 
its  influence  on  chemical  affi- 
nity, 29, 144 
Massicot,  411 

Matches  for  procuring  instantaneous 
light,  313 
phosphoric,  325 
Matrass,  8,  lii 

•Weaswes,  English,reduced  to  French, 
ii 

Swedish,  ii 
old  French,  v — vii 
modern  French,  vii 
ounce,  of  Dr.  Priestley,  re- 
duced to    French    and 
English  cubic  inches, via 
Mechanical  division,  influence  of,  on 
affinity  or  solution,  41 
pressure,  influence  of,  on 
chemical  affinity,  32 
Medicine,  application  of  chemistry  to, 

xvi 
Melasses,  452 
Mellilite,  496 
Metlitic  acid,  496 
Melting  points  of  solids,  xvi 
Membranes,  581 
Mercurial  trough,  89 
Mercury,  congelation  of,  68,  375 

combination  of  with  potas- 
sium, 159 
combination  of,  with  sodi- 
um, 164 
ammonium,  171       . 

the 
bases  of  the  earths,  174 
its  specific  gravity  increas- 
ed by  congelation,  375 
volatilization  of,  375 
oxides  of,  352,  375 

methods  of  ascer- 
taining     their 
purity,    646, 
647 
sulphate  and  supersulphate 

of,  376 
nitrate  of,  377 

its  use  as  a  test, 
595 
subnitrate  of,  377 
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^Mercury,  nitrous  oxide  of,  377 
fulminating-,  377 
muriate  of,  378 

tests  of,  592,  634 
method  of  ascer- 
taining its  pu- 
rity, 645 
submuriate  of,  378 

method  of  as- 
certaining- 
its     purity, 
645 
action  of  chlorine  on,  378 
alloys  of,  378,379 
sulphurets  of,  379 
use  of,  as  a  test,  592 
analysis  of  ores  of,  625 
method  of  ascertaining   its 

purity,  646 
apparatus  for  freezing,  lv 
.Metallurgy,  application  of  chemistry 

to,  xvii 
•Metals,  their  comparative  power  of 
conducting  heat,  63 
fused  and  ignited  by  electri- 
city and  galvanism,  135 
enumeration  of,  341 
general  properties  of,  341 
order  in  which  they  reflect 

light  and  heat,  341 
comparative  tenacity  of,  342 
chemical  properties  of,  343 
oxidation  of,  344,  346 
method    of  calculating   the 

oxygen  acquired  by,  348 
proportion  of  oxygen  neces- 
sary for  the  solution  of,  349 
different  stages  of  oxidation 

of,  350,  353 
action  of  alkaline   solutions 

on,  350 
reduction  of,  351 
table  of  the  proportions  of 
oxygen   with  which  they 
combine,  352 
compounds      of      hydrogen 

with,  354 
compounds  of  sulphur  with, 
354 
sulphuretted 
hydrogen 
with,  357 
chlorine   with, 

358 
iodine       with, 

359 
phosphorus 
with,  359 
carbon      with, 
360 
alloys  of,  360 


Metals,  their  qualities  altered  in  al- 
loys, 361 
classification  of,  362 
malleable,  362 
brittle  and  easily  fused,  362 
difficultly    fused, 
362 
refractory,  362 
use  of,  as  tests,  593 
tenacity  of  several,  343 
analysis  of  ores  of,  622,  627 
colours  of  precipitates  from, 
xxxiii — xxxv 
Meteoric  stones,  all  contain  iron  alloy- 
ed with  nickel,  4U6 
Milk,  description  and  properties  of. 
557 
vinous  fermentation  of,  560 
sugar  of,  532,  560 
acid  of,  532,  560 
different  kinds  of,  561 
Mindererus,s  spirit,  516 
Minerals,  general  directions  for  the 

examination  of,  605,  607 
Mineral  waters,  analysis  of,  586 

examination    of,    by 

re-agents,  587 
substances  that  may 
be     expected    in, 
and  means  of  de- 
lecting them,  600 
analysisof,  by  evapo- 
ration, 601 
Minium,  411 
Molecule,  integrant,  16 
Mblybdate  of  potash,  439 
Molybdenum,  ore  of,  438 

mode  of  obtaining,  438 
properties  of,  438 
oxides  of,  353,  439 
action  of  acids  on,  439 
analysis  of  ores  of,  626 
Molybdic  acid,  mode  of  obtaining,  438 

properties  of,  439 
Mohjhdous  acid,  439 
Mordaunt,  what,  482 
Moroxylic  acid,  469 
Mother  of  pearl,  579 
Motors  of  electricity,  144. 
Mucilage,  449 

Muco-extractivc  matter,  526,  544 
Mucous  acid,  536 
Mucus,  526 

tests  of,  526 
of  the  nose,  562 
Muffles,  4 
Muriate  of  alumine,  310 

ammonia,  306,  642 

hvperoxvgeniz 
'  ed,  314     , 
barytes,  307,  595 
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Muriate  of  barytes,  hyperoxygenized, 
314 
bismuth,  420 
copper,  389,  390 
glucine,  308 
gold,  364 
iridium,  363 
iron,  396 
lead,  414,  624 
lime,  309,  599,  601 

hyperoxygenized,  315 
magnesia,  310 
mercury,   378,    592,    634, 

645 
platina,  369 
potash,  304,  601 

hyperoxygenized, 
311 
rhodium,  380 
silver,  372,  624 
soda,  304,  526,  642 

hyperoxygenized,  314 
strontites,  308 

hyperoxygenized, 
3  It 
tin,  408 
yttria,  311 
zinc,  418 
zircon,  311 
Muriates,  tests  of,  601 

hyperoxygenized,311 — 314 
Muriatic  acid,  285,  288 

process  for  preparing, 

291 
its  properties,  292 
table    of   strength   of, 

293 
tests  of,  600 
mode    of   ascertaining 

the  purity  of,  638 
oxygenized.    See  Chlo- 
rine. 
gas,  mode  of  obtaining, 
289 
properties  of,  289 
its   attraction    for 

water,  289 
action    of  potassi- 
um on,  290 
water     seemingly 
essential  to,  290 
Murio-sulphuric  acid,  316 
Muscle,  basis  of,  527 

converted  into  fat,  528 
component  parts  of,  580 
Muscovado  sugar,  452 
Mushrooms,    peculiar   substance   ex- 
tracted from,  498 
Musical  s  >unds,  from  burning  hydro- 
gen gas  under  a  tube,  113 


Mi/rica  cerifera,  berries  of,  contain 

wax,  490 
Myvlle.wax,  490,  491 


Nails,  582 
Naphtha,  494 
Narcotic  principle,  492 
Natural    history,     assisted    by    the 
knowledge  of  chemistry,  x 
philosophy,  viii 

distinguished 
from     chemis- 
try, viii 
requires  a  know- 
ledge of  che- 
mistry, viii 
Neutral  salts,  193 
Neutralization,  17,  38,  41,  44, 193 
Nickel,  method  of  purifying,  404 
properties  of,  404 
alloyed  with  iron  in  all  me- 
teoric stones,  406 
acetate  of,  517 
analysis  ofores  of,  625 
Nitrate  of  alumine,  284 
ammonia,  281 
antimony,  434 
barytes,  282,  595 
bismuth,  420 
cobalt,  432 
copper,  43,  389 
glucine,  284 
iron,  396 
lead,  413,  595 
lime,  283 
magnesia,  283 
mercury,  377,  595 
potash,  276 

silver,  371,  373,  594,  647 
soda,  281 
strontites,  283 
tin,  408 
yttria,  284 
zinc,  408 
zircon,  284 
Nitre.    See  Potash,  nitrate  of. 
Nitric  acid,  261 

composition  of,  258,  261, 

263 
analysis  of,  261 
properties  of,  261,263 
table  of  strength  of,  262 
decomposition  of,  263 
process  for  preparing,  279 
purification  of,  280 
in  its  pure  state  elastic, 

333 
use  of  as  a  test,  591 
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Nitric  acid,  test  of,  600 

mode  of  ascertaining  the 
purity  of,  638 
oxide,  265 
Nttricum,  103 
Nitrites,  285 
Nitittgen  gas,  101 

how  procured,  101 
its  properties,   102 
weight  of,  95,  102 
a  compound  of  oxygen 
with     an     unknown 
base,  103,  174 
quantity    of,    absorbed 

by  water,  123 
compounds  of  oxygen 

with,  257 
combines  with  chlorine, 

298 
with  iodine,  357 
gaseous  oxide  of.    See  Nitrous 
Oxide. 
JYVfro.muriate  of  antimony,  424 
cobalt,  432 
gold,  364 
tin,  409 
muriatic  acid,  315 
sulphuric  acid,  374 
.Xitro -muriates,   no   compounds   pro- 
perly so  called,  315 
Xitrous  acid,  274,  653 

composition  of,  260 
table  of  strength  of,  274 
use  of  as  a  test,  591 
mode  of  ascertaining  the 
purity  of,  638 
acid  vapour,  259 
gas,  composition   of,    258 
260 
quantity  of,  absorbed  by 

water,  123 
properties  of,  265 
applied    to  eudiometry, 

266,  269 
decomposition  of,  268 
synthesis  of,  270 
oxide,  composition  of,  258 
260 
quantity  of  absorbed  by 

water,  123 
mode  of  obtaining,  270, 

271 
test  of  its  purity,  272 
properties  of,  272 
effects    of  respiring    it, 
274 
oxide  of  mercury,  377,  646 
Mtrim  Jlammuns,  281 
Xomaiclature,x\e\v,191— 194^»3,JOi 
Xose,  mucus  of  the,  562 


O. 


Ochre,  394 

Oil,  inflamed  on  the  surface  of  water, 
314 
Dippel's  animal,  577 
of  vitriol.    See  Sulphuric  Acid. 
of  wine,  508 
Oils,  animal,  533 

fixed,  how  obtained,  470 
properties  of,  471 
with    alkalis    form    soap, 

471 
dissolve  sulphur,  471 
rendered  dry  iiig  by  metal- 
lic oxides,  471 
distillation  of,  471 
combustion  of,  472 
action  of  acids  on,  472 
spontaneous    combustion 
of,  473 
volatile,  or  essential,  473 

mode  of  detecting  their 
adulteration,  650 
Olefiant  gas,  quantity  of,  absorbed  by 
water,  123 
method  of  procuring,  222 
properties  of,  222,  223 
Onion,  juice  of,  contains  much  sugar, 

454 
Opium,  492 
Ores,  analysis  of,  622 

in  the  dry  way,  627 
Organic    and  inorganic    compounds, 

distinction  between,  446 
Orpiment,  428 
Osmazome,  584 
Osmium,  384 

oxide  of,  384 
analysis  of  ores  of,  627 
Ounce   measures    reduced    to  cubic 

inches,  viii 
Oxalate  of  ammonia,  457,  458 
barytes,  457,  458 
lime,  457,  458 
magnesia,  458 
potash,  456,  457,458 
soda,  457,  458 
strontian,  457,  458 
Oxalates,  use  of,   as  tests,  591 
Oxalic  acid,  mode  of  obtaining,  455 
properties  of,  455 
composition  of,  455 
found  native  in  vegeta- 
bles, 468 
use  of,  as  a  test,  591 
Oxidation,  100,  344, 345,  362 

different  stages  oh  .>4S 
Oxide,  cystic,  576 
Oxides,  how  produced,  100,  o44,  o4i 
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Oxides,  quantity  of  acid  required  for 
their  saturation  in  propor- 
tion to  their  oxygen,  349 
their  solubility  proportionate 

to  their  oxygen,  350 
decomposition  of,  351 
all  yield  their  oxygen  to  po- 
tassium, 159 
different,  351 
terminology  of,  351 
table  of  the  composition  of, 

352 
many  soluble  in  water,  354 
sulphuretted,  356,  357 
hydrosulphuretled,  357 
hvdroguretted  sulphurets  of, 
358 
Oxvgen,  not  the  principle  of  acidity 
solely,  100,  191 
compounds  of  combustible 

bases  with,  192 
law  respecting  the  union  of 
bodies    combined    with, 
193,  231,  347 
proportion     necessary    for 
the  solution  of  different 
metals,  347, 348 
gas,  96 

procured  from  various 
substances,    96,    97, 
412 
its  properties,  97 
weight  of,  95,  97 
diminished  in  combus- 
tion, 98 
absorbed     by     bodies 

burned,  99 
its  union  produces  an 
oxide,  an  acid,  or  an 
alkali,  100 
supports    animal    life, 

101, 107 
apparently  absorbedby 

the  blood,  101 
with    hydrogen  forms 

water,  116 
quantity   of,   absorbed 

by  water,  123 
combination  of    nitro- 
gen with,  257,  260 
compounds  of  chlorine 

with,  296,  297 
mode  of  procuring  from 
oxides  of  lead,  412 
Oxyiode  of  potassium,  337 

of  other  metals,  338 
of hydrogen,  339 
Oxyiodic  acid,  339 
Oxyiodine,  338 
Oat-muriate  of  tin,  409 

antimony,  424 


Oxymvriatic  acid.     See  Chlorine. 
Oxtj-nitric  acid,  260 
Orij-Jdwsjihate  of  iron,  400 
Oxy -sulphate  of  iron,  395 

P. 

Paint,  fine  reddish  brown,  390 

fresh,  injurious  effects  of,  473 
Paintings,  method    of   copying    on 
glass,  and  transferring  to  leather 
or  paper,  373 
Palladium,  380 

oxide  of,  352,  382 
sulphuret  of,  382 
test  of,  382 
alloys  of,  383 
analysis  of  ores  of,  627 
Pancreatic  juice,  552 
Paper,  preparation  of,  for  tests,  589 
dark  blue,  round  sugar-loaves, 
a  test,  589 
Papin's  digester,  72 
Pearls,  579 
Pearlush,  208 

method  of  ascertaining  the 
real  quantity  of  alkali  in, 
208, 650 
Pearl-white,  420 
Peat,  496 

Pericardium,  liquor  of  the,  564 
Peroxides,  352 
Perspiration,  fluid  of,  565 
Petroleum,  494 
Pewter,  410 
Phlogiston,  343,  344 
Phosgene  gas,  301 
Phosphate  of  iron,  400 

soda,  321,  599 
lead,  416 
Phosphates,  321 
Phosphites,  322 

Phosplwrane  and  phosphorana,  o'27 
Phosphori,  solar,  84,  239, 248 
Phosphoric  acid,  319 

method    of   prepar- 
ing, 319 
properties  of,  320 
exists  in  vegetables, 

469 
tests  of,  600 
matches,  325 
Phosphorous  acid,  321 

properties  of,  322 
Phosphorus,  its  character,  316 

analysis  of,  317,  318 
oxygenization  of,  318 
mode  of  obtaining,  320, 

321 
binary  compounds  of,322 
liquid,  325 
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Phosphorus,  solution  of,  in  ether,  325 
its      combination      with 

chlorine,  326 
combines    with    metals, 
359 
Phosphnret  of  carbon,  317 
copper,  391 
gold,  366 
iodine,  336 
lime,  322 
platina,  370 
potassium,  158 
sodium,  163,  164 
sulphur,  323 
zinc,  419 
P/msphurels,  metallic,  359 
Phosphuretted  hydrogen  gas,  prepara- 
tion of, 
324 
proper- 
ties of, 
325 
Photometer,  85 
Picromel,  554,  555 
Picrotoxine,  499 
Ptnclibeck,  391 
Pitch,  mineral,  495 
Pit-coal,  495 
Plaster  of  Paris,  240 
Plasters,  471 
Platina,  367 

properties  of,  368 

oxides  of,  339,  368,  369 

test  of,  370 

uses  of,  370 

ethereal  solution  of,  369 

phosphuret  of,  370 

alloys  of,  370 

destroys  the  colour  of  gold, 

383' 
fused  by  the  combustion  of 

hydro-zincic  gas,  417 
analysis  of  ores  of,  623 
Plumbago,  403 

method    of  ascertaining, 

622 
composition  of,  403 
Plumbane,  359,  414 
Plumber's  solder,  410 
Plumbum  corneum,  414 
Pneumato-chemical  trough,  87 
Poisons,  method  of  detecting,  629, 
630 
remedies  against  some,  637 
Polychroite,  499 
Portable  furnaces,  3,  lviii,  lxi 

soup,  520 
Potash,  preparation  of,  149 

never  quite  free  from  carbo- 
nic acid  and  water,  149 
properties  of,  149 


Potash,  hydrated,  150 

table  of  the  quantity  in  solu- 
tions of  dili'ercnt  gravities, 
151 
analysis  of,  152 
pure,  157 

component  parts  of,  160, 161 
subcarbonate  of,  207 

method     of 
obtaining, 
208 
its  use  as  a 

test,  592 
mode  of  as- 
certaining 
its  purity, 
640 
of  commerce,  208 

method  of  as- 
certaining 
the     real 
quantity    of 
alkali  in,  208 
mode  of  ascer- 
taining     its 
purity,  650 
bi-carbonate  of,  209 

its  difference 
from     thp 
subcarbo- 
nate, 210 
sulphate  of,  235 

mode  of  ascer- 
taining its  pu 
rity,  641 
snpersulphatc  of,  236 
sulphite  of,  346 
hydro-sulphuret  of,  251, 252 
hvdroguretted  sulphuret  of, 

255 
nitrate  of,  276 

mode  of  ascertain- 
ing   its    parity, 
642 
nitrite  of,  285 
muriate  of,  304 
by  per-oxy  muriate  of,  311 

its  pow- 
erful ac- 
tion   or; 
inflam- 
mable 
bodies. 
313 
prussiatc  of,  539 

best     mode    of 
preparing, 
39  7 
its  use,  as  a  test. 
596 
arsenite  of, 
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Potash,  molybdate  of,  439 
oxalate  of'  456 
super-oxalate  of,  456 
quadroxalate  of,  456 
citrate  of,  461 
tartrate  of,  466 

mode    of    ascer- 
taining its  pu- 
rity, 642,  643 
supertartrate  of,  467 

mode  of  as- 
certaining' 
its  purity, 
643 
acetate  of,  514,  515 

mode  of  ascertain- 
ing   its    purity, 
643 
use  of,  as  a  test,  592 
solution  of,  mode  of  ascer- 
taining its  purity,  640 
Potassium,  156 

mode  of  procuring,  152, 

154 
its  properties,  157 
oxides  of,  157, 161 
its  action  on  water,  158 
acids,  158 
phosphuret  of,  158 
sulphuret  of,  159 
amalgam  of,  159 
alloys  of,  159 
reduces  all  oxides,  159 
alloy  of  ammonium  with, 

172 
action  of  sulphuretted  hy- 
drogen on, 250 
iodine  on,  336 
oxyiode  of,  337 
alloy   of  tellurium  with, 
426 
arsenic  with,  430 
Potaesuretted  hydrogen  gas,  161 
Potato,  analysis  of,  476 
Pot-metal,  391 
Precipitate  per  se,  376 

red,  377 
Precipitates,  apparatus  for  drying,  8 

colours  of,  xxxii — xxxiv 
Precipitation,  27 

jars  for,  liii 
Priestley,  Dr.  his  ounce  measures  re- 
duced to  cubical  inches,  viii 
Prince  Rupert's  metal,  391 
Pi  inters'  types,  425 
Protoxides,  351 
Prussian  blue,  method  of  preparing, 

538,  539 
Prussiate  of  iron,  396 
lime;  596 
palladium,  383 


Prussiate  of  potash,  397,  596 
Prussic  acid,  obtained  from  vegeta- 
bles, 469 
mode  of  obtaining,  538, 

539 
properties  of,  539 
Purple  powder  of  Cassius,  366 
Putrefaction  resisted  by  charcoal,  198 
retarded    by     carbonic 
acid,  206 
Pyroacetic  ether  or  spirit,  514,  517 
Pyro/igueous  acid,  466,  481 

the  same  with  the 
acetic,  481,  513 
Pyrometer,  53,  186 

scale  of  Wedgwood's,  xiv 
Pyrumucous  acid,  466 
Pyropkorus,  Homb  erg's,  244 
Pyro-tartaric  acid,  466 

Q. 

Quadroxalate  of  potash,  456 
Quercitron  bark,  484 
Quicksilver.     See  Mercury. 
Quills,  coagulated  albumen,  583 


R. 


Radiant  heat,  49,  60 

Radishes,  scrapings  of,  stain  paper  a< 

a  test,  589,  590 
Re-agents,  587,  588 
Realgar,  438 
Receiver,  5 

tubulated,  5 
quilled,  5,  iiii 
Red-lead,  411 
Reduction  of  metals,  351 
Refractory  metals,  362 
Rennet,  558 
Resins,  474 

animal,  532,  554,  555 
Respiration   diminishes   the   bulk   of 
air,  108 
produces  carbonic  acid, 

205 
function     of,    examined, 
547 
Rete  mucosum,  582 
Retinasphaltum,  495 
Retorts,  5,  lii,  liii 

coating  for,  7 
Reverberatory  furnace,  2 
Revival  of  metals,  351 
Rhatany,  extract  of,  486 
Rheum  palmatum  contains  oxalic  acid, 

468 
Rhodium,  379 

alloys  of,  380 
muriate  of,  380 
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Rhodium,  oxides  of,  352,  380 

analysis  of  ores  of,  627 
Rochelle  salt,  468 

mode  of  ascertaining  its 
purity,  643 
Rosacic  acid,  536,  591 
Rust  of  iron,  392 


Saccho-lactic  acid,  536 
Saffioiver,  484 

Saffron,  substance  extracted  by  alco- 
hol from,  499 
Sal  ammoniac.      See    Ammonia,   mu- 
riate of. 
Salifiable  base,  193 
Satifying  principle,  193 
Saliva,  526,  550 

properties  of,  551 
component  parts  of,  551 
Salt,  common.    See  Soda,  muriate  of. 
of  sorrel,  457 

petre.     See  Potash,  nitrate  of. 
spirit  of.     See  Muriatic  Acid. 
Salts,  definition  of,  606 

division  of,  193 — 195 
terminology  of,  193 
analysis  of,  608 

solubility  of,  in  water,    xxv— 
xxvii 
in  alcohol,  xxvii 
incompatible,  xxxi 
neutral,  193 
Sandheat,  lx 
Saturation,  12,  17,  44 
Scules  of  animals,  582 
Scarlet,  solution  of  tin  used  in  dyeing, 

409, 484 
Sclteele's  green,  428 
Scbacic  acid,  537,  538 
Secretions,  animal,  550,  557,  562,  566 
Sedative  salt.     See  Boracic  Acid. 
Seignette's  salt,  468 

mode  of  ascertaining 
its  purity,  643 
Semi-metals,  342 
Separator,  lii 
Serosity,  543 
Serum,  543,  544 
Sheathing  of  ships,  130 
Sheik,  579 

Silex,  attempts  to  decompose,  175, 
184 
method  of  attaining,  182 
proper!  ies  of,  183 
Silicate  d  alkali,  184 

fluoric  gas,  330 
Silici  fluoric  acid,  331 
Sitkium,  184 


Silk,  sulphurous  acid  gas  whitens  and 
gives  lustre  t<>,  233 
properties  of,  583 
Silver,  properties  of,  370 

tarnishing  of,  371,  375 
oxides  of,  338,  370,  371 
sulphate  of,  371 

its  use  as  a  test, 
594 
nitrate  of,  371,  372 

its  use  as  a  test,  594, 

631,  632 
mode   of  ascertain- 
ing its  purity,  647 
subnitrate  of,  371 
muriate  of,  371,  624 
purification  of,  372,  412 
chloruiet  of,  372 
fulminating  compounds  of,  374 
solvent  of,  374 
alloys  of,  375 
standard,  375 
acetate  of,  517 
use  of,  as  a  test,  593 
acetate  of,  its  use  as  a  test, 

594  _ 
analysis  of  ores  of,  623 
Similor,  391 
Sinews,  584 
Skin,  582 
Smalls,  433 

Smells,  destroyed  by  charcoal,  198 
Soap,  471 

dissolved  in  alcohol,  as  a  test, 
599 
Soda,  preparation  of,  149 
properties  of,  149 
hvdrated,  150 

table  of  the  real  quantity  in  so- 
lutions of  different  gravities, 
151 
analysis  of,  152,  153 
component  parts  of,  164 
never  free  from  water,  150 
bi-carbonate  of,  21 1 
sub-carbonate  of,  210 

its   use    as   a 

test,  592 
mode    of    as- 
certaining 
its  purity, 
640 
sulphate  of,  236 

mode  of  ascertain- 
ing   its    purity, 
641 
sulphite  of,  246 
hydrosulphuretof,  251,  352 
hydroguretted  sulphuret  of,  255 
nitrate  of,  281 


m 


xc 


INDEX. 


Soda,  muriate  of;  304,  305,  310, 531 

decomposed  by  ox- 
ides of  lead,  414 
mode  of  ascertain- 
ing    its     purity, 
642 
hyper-oxymuriate  of,  314 
phosphate  of,  321 

as  a  test,  599 
borate  of,  329 

mode  of  ascertaining 
its  purity,  644 
oxalate  of,  457 
bin-oxalatc  of,  457 
citrate  of,  461 
acetate  of,  515 
use  of,  as  a  test,  592 
succinate  of,  as  a  test,  598 
Sodane,  303 
Sodium,  157, 162 

mode  of  procuring,  152,  154 
properties  of,  162 
oxides  of,  163,  164 
sulphuret  of,  163 
phosphuret  of,  164 
amalgam  of,  164 
action  of  sulphuretted  hydro- 
gen on,  250 
Soils,  improvement  of,  654 
Solar  phosphori,  84..  239,  248 
Solders,  362, 410,  421 
Solids,  expansion  of,  by  heat,  126,  xx 
absorb   heat   in  becoming  li- 
quid, 66,  67 
melting  points  of,  xvii 
point  of  volatilization  of  some, 

xvii 
specific  heat  of  several,  xxiv 
Solution,  12,  125 

experimental  illustrations  of, 

41 
effects  a  very  minute  divi- 
sion of  bodies,  42 
generally  produces  cold,  69, 

126 
heat  sometimes  evolved  in, 
125 
Sorrel,  salt  of,  457,  468 
Soup,  portable,  520 
Spar,  calcareous,  216 
ponderous,  238 
Specific  Gravity.  See  Gravity  Specific. 
Speculum  metal,  391 
Speltre,  416 
Spermaceti,  55o 
Spirit,  proof,  503 

of  wine,  503,  649 
Springs,  metallic,  343 
Stalactites,  216 
Siannane,  359,  409 
Stannaiiea,  359,  409 


Starch,  a  delicate  test  of  iodine,  340, 
478 
converted  into  sugar  in  the 
process   of   malting,  4o3, 
477 
mode  of  obtaining,  476 
properties  of,  476 
another  method  of  converting 

it  into  sugar,  477 
analysis  of,  478 
ioduret   and  sub-ioduret  of, 
478 
Steam,  formed  at  the  bottom  of  water, 
70 
has  the  same  temperature  as 

boiling  water,  70 
latent  heat  of,  70, 74,  75 
specific  gravity  of.  74,  75 
equal  weights  of,  contain  equal 

quantities  of  caloric,  77 
applicable  to  the   purpose  of 

heating  bodies,  78,  79 
force  of,  at  different  tempera- 
tures, xviii 
Steel,  method  of  gilding,  366 

a  compound  of  iron  and  carbon, 

402 
cast,  403 
Stibic  acid,  423 
Stibious  acid,  423 
Still,  common,  4 
Stones,  analysis  of,  610 

substances  that  may  be  ex- 
pected   in,    and   means  of 
separating,  620 
Strontites,  analysis  of,  175 

properties  of,  178 
base  of,  179 
carbonate  of,  215 
sulphate  of,  240 
hydrosulphuret  of,  253 
nitrate  of,  283 
muriate  of,  308 
hyper-oxymuriate  of,  315 
oxalate  of,  457 
acetate  of,  516 
use  of,  as  a  test,  593 
Strontium,  179 

Subborate  of  soda,  329,  436,  644 
Subcarbonate  of  ammonia,  212 
lime,  216 

magnesia,  217,  649 
potash,  207 
soda,  210 
Suber,  493  .   .         '' 

Suberic  acid,  mode  of  obtaining,  4y> 

properties  of,  493 
Sublimate,  corrosive,  378,  634,  645 
Sublimation,  225 
Submuriate  of  copper,  390 
gold,  364 
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Suhrnuriate  of  mercury,  377,  378 
Subnitrate  of  mercury,  377 
silver,  371 
copper,  389 
Subulicated  fluoric  acid,  330 
Suh-sulphate  of  copper,  387 
iron,  395 
tin,  408 
Sub-sulphiiret  of  mercury,  379 
Succinate  of  ammonia,  as  a  test,  400, 
598 
iron,  400,  476 
soda,  as  a  test,  598 
Succinic  acid,  475 

mode    of    ascertaining 
the  purity  of,  639 
Sugar,  452 

preparation  of,  452 
obtained  from  several  vegeta- 
bles, 452,  453 
properties  of,  453 
component  parts  of,  453,  454 
substances  resembling',  454 
starch  convertible  into,  477 
contains  all  the  principles  of 

wax,  489 
renders  nitrous  acid  a  solvent 

of  manganese,  653 
animal,  532,  536,  560 
of  lead,  450,637,  648 
Sulphates,  tests  of,  600,  601 
Sulphate  of  alumine,  242,  601, 644 
ammonia,  237 
ammonia    and  magnesia, 

242 
barytes,  238 
bismuth,  420 
copper,  387 
glucine,  244 
iron,  394,  593,  644 
lead,  413 
lime,  240,  601 
magnesia,  241,  643 
mercury,  376 
potash,  235,  642 
silver,  371,  594 
soda,  236,  641 
strontites,  240 
tin,  408 
yttria,  245 
zinc,  417 
zircon,  245 
Sulphites,  method  of  obtaining,  245 

properties  of,  245 
Sulphite  of  alumine,  247 
ammonia,  247 
barytes,  247 
lime,  247 
magnesia,  247 
potash,  246 
sects , 


Sulphite  of  copper,  388 
iron,  395 
lead,  413 
Sulphur,  225 

compounds  of,  224, 248-257 
properties  oT,  225 
preparation   of,  for  taking 

impressions,  225 
combination  of  alcohol  with, 

225 
contains  hydrogen,  226 

oxygen,  226 
combustion  of,  227 
combination  of  alkalis  with, 

248 
alcohol  of,  255 
combination     of     chlorine 

with,  302 
phosphuret  of,  323 
combination  of  metals  with, 

354 
balsam  of,  471 
hydroguretted,  253 
Sulphurane,  303 
Sulphuret  of  potassium,  159 
sodium,  163 
lime,  248 
carbon,  255 
iodine,  336 
gold,  366 
silver,  374,  375 
mercury,  379 
palladium,  382 
copper,  390 
iron,  401 
nickel,  405 
tin,  409 
lead,  416 
zinc,  418 
bismuth,  420 
antimony,  421,  423,  424 
arsenic,  428 
cobalt,  432 
manganese,  437 
molybdenum,  439 
Sulphurets,  alkaline,  mode  of  prepar- 
ing, 248 
general    proper- 
ties of,  248 
exist    only   in  a 

dry  state,  254 
use    of,   as   tests, 

600 
tests  of,  601 
metallic,  334 
table  of  the  composition 

of  several,  355,  356 
hydrogurcted,  253,  358 
of  mercury,  379 
Sulphuretted  hydrogen  combines  with 
oxides,  357 
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Sulphurettedhydrogen  combines  with 
metals,  357 
test    of     lead, 
415,  600 

arsenic, 
600 
gas,     quantity 
of  absorbed 
by    water, 
123 
modes    of 
procur- 
ing, 249 
properties 
of,  249 
with  alka- 
lis      and 
earths 
forms  hy- 
dro-sul- 
phurets, 
251 
tests    of, 
601 
liquid.  See  Sul. 
phuret  of  car- 
bon, 
oxides,  356,  357 
sulphites,  246 
Sulphuric  acid,  227 

component   parts  of, 

231 
purification  of,  230 
decomposition  of,  232 
heat  and  light  evolved 
on   its    addition  to 
magnesia,  241 
manufacture  of,  277 
in  its  pure  state,  elas- 
tic, 333 
use  of,  as  a  test,  590 
Sulphuric  acid,  tests  of,  600 

treatment  of  persons 
who  have  swallow- 
ed, 637 
method  of  ascertain- 
ing the  purity  of, 
637 
glacial,  234,  394 
real,  quantity  of,  in 
acid    of    different 
densities,  229 
Sulphurized  alcohol,  225 
Sulphurous  acid,  formation  of.  233 
properties  of,  233 
component  parts  of, 

235 
tests  of,  600 
waters,  250 
Sulphur  vivum,  225 
Sumach,  484 


Sun  beams,  consist  of  three  kinds  of 

rays,  83 
Super-carburetted  hydrogen,  223 
Super-oxalate  of  potash,  456 

soda,  457 
Super^ulphate  of  mercury,  376 

potash,  236 
Supers-idphuret  of  iron,  401 
Supersulpkureited  hydrogen,  253 
Super. tartrate  of  potash,  467 

mode  of  as- 
certaining 
its  purity, 
643 
Supporters  of  combustion,  192,  194, 

346 
Sympathetic  inks,   389,  390,  398,  399, 

416,  420,  432 
Synovia,  565 


Tallow,  534 

Tan,  from  galls,  462 

how  obtained,  485,  486 

properties  of,  486 

analysis  of,  486 

quantity  afforded   by  different 

barks,  487 
artificial  formation  of,  488 
Tannate  of  iron,  398,  488 
Tannin,  485 
Tantalum,  the  same  with  columbium, 

444 
Tar,  mineral,  495 
Tartar,  cream  of,  464,  467,  643 

emetic.     See    Jlntimony   tar- 

tarized. 
soluble.      See    Potash,    tar- 

trate  of. 
vitriolated.     See  Potash,  sul- 
phate of. 
Tartaric  acid,  mode  of  obtaining,  464 
properties  of,  465 
may  be  converted  into 
oxalic    and    acetic, 
466 
analysis  of,  466 
combinations  of,  466 
mode   of  ascertaining 
the  purity  of,  639 
Tartrate  of  potash,  466 

mode    of   ascer- 
taining its  pu- 
rity, 643 
and  soda,  467 

mode 
of  ascertaining 
its  purity,  643 
tin,  409 
Tears,  562 
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Teeth,  578 

TeSwetted  hvdrogen  gas,  426 

Tellurium,    425 

acidifiable,  425 
analysis  of  ores  of,  627 
compound    of    hydrogen 

with,  426 
alloy  of  potassium   with, 
426 
Temperature,  influence  of,  on  chemi- 
cal affinity,  32,  42 
what,  47,  48 
method  of  ascertaining, 

48 
change  of,  produced  by 
solution,  69,  70, 125 
Tenacity  of  different  metals,  342 
Tendons,  581 
Terra  japonica,  486 
Tests,  587,  588 
Thermometer,  48 

its  construction,  53,  54, 

56 
its  rise  nearly  in  the  ra. 
tio  of  the  increase  of 
heat,  58 
Mr.  Dalton's  scale  of, 

59 
rule  for  reducing  gases 
to  a  given  height  of 
the,  viii 
Mr.  Dalton's  new  scale 
compared  with  Fah- 
renheit's, xv       k 
air,  54,  lii 
differential,  55 
Thermometers,    various,    correspond- 
ence between,  xiv 
Thoracic  duct,  fluid  in  the,  565 
31m,  precipitation  of  gold  by,  366 
muriate  of,  best  test  of  platina, 

370 
properties  of,  406 
oxides  of,  353,  407 
hydrates  of,  407 
amalgam  of,  407 
sulphate  of,  408 
subsulphate  of,  408 
nitrate  of,  408 
muriate  of,  408 
oxymuriate  of,  408 
nitro-muriate  of,  409 
acetate  of,  409 
tartrate  of,  409 
sulphuret  of,  409 
alloys  of,  410 

action  of  arsenic  acid  on,  429 
analysis  of  ores  of,  624 
Tincal,  329 
Tinning,  wet,  409 
Titanium,  441 


Titanium,  analysis  of  ores  of,  627 

Tombac,  391 

Treacle,  452 

Tube  of  safety,  6 

Tybes,  long  or  crooked,  joint  for  unit 

ing,  Ki 
Tmigstute  of  lime,  440 
Tungsten,  mode  of  obtaining,  440 
characters  of,  441 
oxides  of,  441 
analysis  of  ores  of,  626 
Tungstic  acid,   mode    of   obtaining, 
440 
properties  of,  441 
Turbith  mineral,  377 

mode  of  ascertain, 
ing  its  purity,  647 
Turf,  496 

Turmeric,  as  a  dye,  484 

paper  and  tincture,  as  tests, 
589 
Turpentine,  oil  of,  converted  into  a 

kind  of  camphor,  474 
Tulenag,  391 
Types,  metal,  425 


U. 


Ultniti,  497 
Uranium,  440 

analysis  of  ores  of,  626 
Urea,  method  of  obtaining,  529,  56S 
properties  of,  530 
alters  the  form  of  some  mu- 
riates, 531 
elements  of,  531 
Uric  acid,  535,  572,  573 
Urine,  sugar  found  in,  533 
gravel  in,  535 
calculi  in,  535,  572 
lateritious   sediment  of,  536, 

571 
analysis  of,  566 
putrefaction  of,  571 
changes  of,  in  diseases,  571 
of  different  animals,  571 


Vapour,  caloric  the  cause  of,  70 
Varnishes,  475,  495 
Vegetable  extract,  448 
jelly,  451 
substances,  446 

result    of    the 
spontaneous 
decomposi- 
tion of,  500 
Vegetables,  growth  of,  affected  by  car- 
bonic acid,  206 
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Vegetables,  proximate   principles    of, 

447,  443 

general    laws   respecting 

the  composition  of,  447 

acids  found  native  in,  459 

new  acid   discovered  in, 

by  Braconnot,  470 
fixed  oils  obtained  from, 
470 
Verdegris,  590 

mode  of  ascertaining  the 

purity  of,  648 
distilled,  649 
Verditer,  388 
Vermilion,  379 
Vinegar,  513 

purification  of,  513 
distilled.   See  Acetous  Acid. 
radical.     See  Acetic  Acid. 
Vinous  fermentation,  500,  506 
Violets,  syrup  of,  as  a  test,  588 

test  of  its  genuine- 
ness, 588 
its   colour  restored 
by   oxygen,   590, 
note 
pickle  of,  590,  note 
Vitriol,  blue.  See  Copper,  sulphate  of. 
green.     See    Iron,    sulphate 

of. 
white.    See    Zinc,    sulphate 

of. 
oil  of.     See  Sulphuric  acid. 
Voltc^s  eudiometer,  HI 

pile,  128, 131 
Water,  supposed  not  to  conduct  heat, 

65 
is  a  slow  conductor,  65 

quantity  of  coal  required  to 
evaporate,  74 

composition  of,  116 

proportion  of  the  elements  of, 
118 

analysis  of,  120 

properties  and  effects  of,  122 

contains  air,  122 

quantities  of  gases  absorbed 
by,  123 

contained  in  the  atmosphere 
in  the  driest  weather,  123 

solidified  in  various  solids, 
125, 192 

change  of  temperature  pro- 
duced by  solution  of  bo- 
dies in,  125 

during  solution,  gives  out  air, 
and  has  its  bulk  altered, 
125,  126 

has  its  solvent  power  increas- 
ed, by  diminishing  the  pres- 
sure, 126 


Water,  expands  by  cold,  127 

decomposed     by    galvanism, 

136,  137,  142 
always  contains  neutral   sails 

in  solution,  140 
an  essential    element    of  all 

acids,  192 
formed  from  its  elements  by 
the  intervention  of  charcoal, 
198 
decomposed  by    phosphuret 

of  lime,  322 
apparatus    for    showing    the 

composition  of,  iv 
apparatus    for    showing    the 

decomposition  of,lv 
danger  of  'eaden  vessels  for, 

412,  635 
test  of  the  hardness  of,  599 
expansion  of,  by  heat,  xx 
solubility  of  salts  in,  xxv 
Waters,  mineral.  See  .Mineral  Waters. 

natural  sulphurous,  250 
War,  489 

Weights,  English,  reduced  to  French, 
i,  ii,  iii,  v 
German,  ii 
Dutch,  ii 
Swedish,  ii 
old  French,  ii 
modern  French,  vii 
absolute,  of  gases,  95 

rules  for  calculat- 
ing,   from     the 
specific  gravity, 
xii 
Welding,  162,  368 
JJ'rl/lier's  tube,  6 
Wheat,  478,  479 
Whey,  558,  559,  560 
White,  how    produced   on    a   black 
ground  in  calico  printing, 
484 
lead,  450 

mode  of  ascertaining  its 
purity,  648 
Wind-furnace,  2,  lviii,  lix 
Wine,  tests  of,  the  presence  of  lead 
in,  415,  635,  636 
oil  of,  508 
Wires,  tenacity  of,  342 
Wolfram,  440,  441 
Wood,  quantity  of  charcoal  afforded 

by  different  kinds  of,  197 
Woody  fibre,  481 
Wool,  583 
JVoidfe's  apparatus,  5,  lv 

Y. 

Yello-u),  mineral,  or  patent,  414 
Yttri  a,  189 
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Vitrin,  method  ox"  obtaining,  189 
its   iropertit  s   189 
an  oxide,  189,  190 
earbonate  of,  218 
sulphaie  of,  245 
nitrate  of,  284 
muriate  of,  311 
prussiate  of,  598 


Zafre,  430,  433 

Zinc,  where   to  be    procured,    109, 
note, 
alloys  of,  391,  419 
purification  of,  416 
properties  of,  416 
oxides  of,  417 

modes  of  ascertain- 
ing their  purity,  648 
solution  of,   in   hydrogen  gas, 
417 


Zinc,  sulphate  of,  417 
nitrate  of,  418 
muriate  of,  418 
compound   of    chlorine   with, 

418 
acetate  of,  418,  517 
oxvdized  and  dissolved  by  al- 

kalis,  418 
sulphuretted  oxide  of, 418 
hydro-suiphuret  of,  418 
phosphurct  of,  419 
analysis  of  ores  of,  625 
Zitwane,  359 

Zircon,  attempt  to  decompose,  IT 
method  of  obtaining,  187 
its  properties,  187 
carbonate  of,  218 
sulphate  of}  245 
nitrate  of,  284 
muriate  of,  Jl  l 
Zirconium,  187 
Zooiiic  acid,  541 
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